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ABSTRACT 



A semiconductor device having high operating performance 
and reliability is disclosed, and its fabrication process is also 
disclosed. 

In an n-channel type 7TT 303, an Lov region 207 is 
disposed, whereby a TFT structure highly resistant to hot 
carriers is realized. Further, in an n-channel type TFT 304 
forming a pixel portion, Loff regions 217 to 220 are dis- 
posed, whereby a TFT structure having a low OFF-current 
value is realized. In this case, in the Lov region, the n-type 
impurity element exista at a concentration higher than that of 
the Loff regions, and the whole of the n-type impurity region 
(b) which constitutes the Lov region is sufficiently activated 
by optical annealing, so that a good junction portion is 
formed between the n-type impurity region and the channel 
forming region. 
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ronrPW nw tr a ui) TC ATING A However, there is the problem that the OFF-currcnt value 

^p^S^ vmCE of a polycrystalline silicon TFT is apt to become high. 

SEMICONDUCTOR DEVICE £ ^ q{ & }yQCjmMw suiooil TF1", there is 

BACKGROUND OF TOE INVENTION" observed the deterioration phenomenon that its ON-current 

s value falls as in case of a CMOS transistor used in an 1C or 

1. Field of the Invention mc ^ e ^ ma j u causc therefor Kes in the injection of hot 
The present invention relates to a semiconductor device capers; it is considered that the hot carriers generated by the 

which has circuits constituted, over, a substrate having an high electric field in the vicinity of the drain cause the 

insulating surface, of thin film transistors (hereinafter deterioration phenomenon. 

referred to as TFTs) and its fabricating process. Particularly, M& ^ stracture for lowering the OFF-currcnt value, 

the invention relates to an electro-optical device (also calted {he Ug(uIy d(jp&d sfructure ^ known. Tnis 

electronic device) represented by a liquid crystal ^P^y structure is made in such a manner thai, between the channel 

device or an EL (electroluminescence) display device which forming wgion the source region or the drain region to 

is constituted in such a manner that a pixel portion ^ (P^ 1 which an j mpur ity is added at a high concentration, an 

circuit) and driving circuits (control circuits) disposed in the impurity region hav { n g a io W concentration is provided. This 

periphery of the pixel portion are provided on one and the fow concentration i mpur ity region is known as LDD region, 

same substrate and an electro-ophcal appliance (also called ^ ^ a smicture for preV enting the deterioration of 

an electronic aPP^atus) presented thtt 0 N-current value due to the injection of hot carriers, 

(electroluminescence) display device, and an electric ipph- {hQXQ fe ]aam ^ sailed GOLD (Gatendrain Overlapped 

ance (also called electronic apparatus) on which an electro- ^ ^ stmcture In CaSe of ^ slructure> (he LDD region is 

optical device 4& mounted. disposed so as to overlap the gate wiring through the gate 

In this specification, by semiconductor devices, devices in insulating film, so that this structure is effective for prevent- 

general which function by utilizing the semiconductor char- - ng me in j ection of hot carr i ers in the vicinity of the drain to 

actcristics are referred to, and the above-mentioned electro- ennancc the reliability, For example, Mutsuko Hatono, 

optical device and an electric appliance on which the ^ j^y^ ^ TUceshi Sakai: IEDM97TECHNICAL 

electro-optical device is mounted are also covered by the DIGEST pp. 523-526, 1997, discloses a GOLD structure by 

semiconductor devices. me g^e wall formed of silicon; and it is coiifirmed that, 

2. Description of the Related Art according to this structure, a very high reliability can be 
The development of semiconductor devices wh ich e ach obtained as compared with the TFTs of other structures. 

comprises a large-area integrated circuit formed of TFTs on 30 Further, in the pixel portion of an active matrix type liquid 
a substrate having an insulating surface is being advanced. crystal display device, a ITT is disposed to each of several 
Known as representative examples of these semiconductor teD x-nillior^Ls to several hundred millions of pixels, and these 
devices are an active matrix type liquid crystal display *rpr s are eacn provided with a pixel electrode. At the side of 
device, an EL display device, and a contact type image thc suos trate opposed to the pixel electrode through the 
sensor, Particularly, TFTs (hereinafter referred to as poly- 3 j ^id crystal, an opposite electrode is provided, thus form- 
crystalline silicon TFTs) each constituted in such a manner ^ g a ^ 0 f capacitor with the liquid crystal as a dielectric, 
that a crystalline silicon film (typically, a polycrystalline ^ voltagc appii^j to each of the pixels is controlled 
silicon film) is rendered into an active layer have a high field by me switching function of the TFT to thereby control the 
effect mobility and thus can form various functional circuits. chargss t0 this capacitor, whereby the liquid crystal us 
For example, in an active matrix type liquid crystal 40 driven, and the quantity of transmitted light is controlled, 
display device, a pixel portion which effects image display thus displaying an image. 

bv every function block and driving circuits such as shift However, the stored capacitance of this capacitor is 

registers level shifters, buffers and sampling circuits which gradually decreased due to the leakage currenrcaused for 

are based on CMOS circuits are formed on one substrate. causes pertaining to the OFF-current etc., which in turn 

Further in a contact type image sensor, driving circuits such 45 becomes the cause for varying the quantity of transmitted 

as sample and hold circuits, shift registers, multiplexed light t6 tower the contrast of the image display. Thus, 

circuits for controlling the pixel portion are formed by the acc0 rding to the known technique, a capacitor wiring is 

^ of TFTs provided to form in parallel a capacitor (capacitance storage) 

Since these driving circuits (also known as peripheral other than the capacitor constituted with me liquid crystal as 

drivimr circuits) do not always have the same operating 50 its dielectric, whereby the capacitance lost by the capacitor 

Sion/the characteristics retired of the TFTs naturally hav ing the liquid crystal as its dielectric was compensated 

differ not a little. In the pixel portion, pixel TFIs functioning for, 

as switch elements and auxiliary capacitance storage are SUMMARY OF HIE INVENTION 

provided, and a voltage is applied to * „ However te characteristics required of the pixel TFIsin 
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but, on the other hand, has the defect that the OFF-current 
value becomes large as compared with the ordinary LDD 
structure. Accordingly, it could not be considered that the 
GOLD structure was a desirable structure particularly for the 
pixel TFT. It has been known that, conversely, the ordinary 5 
LDD structure has a high effect for suppressing the OFF- 
current value but is low in resistance to the injection of hot 
carriers. 

As stated above, U was not always desirable to form all the 
TFIfe with the same structure, in a semiconductor device 10 
including a plurality of integrated circuits as in case of an 
active matrix type liquid crystal display device. 

Further, in case, as according to the known technique 
described alx>ve, a capacitance storage using a capacitor 
wiring is formed in the pixel portion so as to secure a 
sufficient capacitance, the aperture ratio (the ratio of the 
image-displayable area to the area of each pixel) had to be 
sacrificed. Particularly, in case of a small-sized, highly 
precise panel as is used in a projector type display device 



is 



regions overlaps the gate wiring through the gate 
insulating film and a second n-cbannel type TFT 
formed in such a manner that portions of the LDD 
regions overlap the gate wiring through the gate insu- 
lating film, and, 
in the pixel portion, there are included pixel TFTs each 
formed in such a manner that the LDD regions does not 
overlap the gale wiring through the gate insulating film. 
It is a matter of course that the capacitance storage in 
the pixel portion may be formed of a light screening 
film provided on an organic resin film, an oxide of the 
light screening film and the pixel electrode. 
In the structure ment ioned above, in the LDD regions of 
the n-channel type TTF forming a driving circuit, an element 
belonging to the group XV of the periodic table is to be 
contained at a concentration 2 to 10 times as high as that in 
the LDD regions of the pixel TFT Further, it is also possible 
to form the LDD region of the first n-channel type TFT 
between the channel forming region and the drain region and 
to form the LDD regions of the second n-channel type TFT 



precise panel a 20 at both sides of the channel forming region, 

the area.pcr pixel is small, so that the reduction or tbe constitution of the fabrication? 



aperture ratio due to the capacitor wiring has become a 
problem. 

The present invention relates to a technique for giving 
solutions to such problems, and it is the purpose of the 



solutions to such problems, and it is the purpose ot roc ^ smc SUDSlratC) comprising 
invention to make the structures of the TFIs disposed in the the flraf ^ of formlng , 



Further, the constitution of the fabrication process accord- 
ing to the invention is as follows: 

A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits on one and the 



respective circuits of a semiconductor device appropriate in 
accordance with the functions of the circuits to thereby 
enhance the operability and reliability of the semiconductor 
device. Further, it is the object of the invention to provide a ^ 
fabrication process for realizing such a semiconductor " 
device. 

Another purpose of the invention is to provide a structure, 
for a semiconductor device having a pixel portion, which 
structure is constructed in such a manner that the area of the 35 
capacitance storage provided to each pixel, is reduced to 
enhance the aperture ratio. Further, the invention provides a 
process of fabricating such a pixel portion. 

In order to solve solutions to the problematic points 
mentioned above, a semiconductor device including a pixel AQ 
portion and driving circuits on one and the same substrate 
according to the present invention is constituted in such a 
manner that; . 

the LDD regions of an n-cbannel type TFT forming each 
of the driving circuits are formed so as to partially or i 5 
wholly overlap the gate wiring of the n-channel type 
TFT through the gate insulating film, 
the LDD regions of a pixel TFT forming the pixel portion 
are formed so as not to overlap the gate wiring of the 
pixel TFT through the gate insulating film , and, 
in. the LDD regions of the n-channel type TFT forming the 
' driving circuit, an n-type impurity element is contained 
at a concentration higher than that of the LDD regions 
of the pixel TFX 
Further, in addition to the structure mentioned above, the 
capacitance storage of the pixel portion may be formed of a 
light screening film provided on an organic resin film, an 
oxide of the light screening film and the pixel electrode. By 
so doing, the capacitance storage can be formed by the use 
of a very small area, so' that the aperture ratio of the pixels 60 
can be enhanced. 

Further, a more detailed structure according to the present 
invention lies in a semiconductor device including a pixel 
portion and driving circuits on one and the same substrate, 
which is characterized in that ■ 6S 

the driving circuits include a first n-chahael type TFT 
formed in such a manner that die whole of the LDD ■ 



SO 



55 



the first step of forming a semiconductor film containing 

a crystalline structure on the substrate, 
the second step of subjecting said crystalline structure 
containing semiconductor film to a first optical 
annealing, 

the third step of forming a protective film on the crystal- 
line structure containing semiconductor film which has 
been subjected to said first optical annealing, 

the fourth step of adding a p-type impurity element, 
through said protective film, to those regions of said 
crystalline structure containing semic ondu ctor film 
which are to constitute n-channel type TFTs forming 
said driving circuits, whereby p-type impurity regions 
(b) are formed, 

the fifth step of adding an n-type impurity element, 
through said protective film, to those regions of said 
crystalline structure containing semic ondu ctor film 
which are to constitute n-channel type TFIs forming 
said driving circuits, whereby n-type impurity regions 
(b) are formed, 

the sixth step of subjecting, to a second optical annealing, 
the crystalline structure containing semiconductor film 
which has undergone the fifth step, 

the seventh step of patterning the crystalline structure 
containing semiconductor film which has undergone 
the sixth step to form active layers* 

the eighth step of forming a gate insulating film on said 
active layers, 

the ninth step of forming gate wirings on said gate 

insulating film, 
the tenth step of adding an n-type impurity element to said 

active layers by the use of said gate wirings as a mask 

to form n-type impurity regions (c\ 
the eleventh step of etching said gate insulating film by 

the use of said gate wirings as a mask, 
the twelfth step of adding an n-type impurity element to 

said, n-channel typo TFTs to form n-type impurity 

regions (a)> and 
the thirteenth Step of adding a p-type impurity element to 
. the active,layer of said p-channel type TTF to form 

p-type impurity regions (a). 
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la this structure, the order of the first step to the 8th step FIGS. 25A-25D are diagrams showing some steps for 

may be suitably changed. Ia whatever order these steps arc fabricating the crystalline semiconductor film, 

carried out, the basic functions of the finally formed TFIfc FIGS* 26A — 26A are diagrams showing some steps for 

remain unchanged, and thus, the change of the step order fabricating the pixel portion and the driving circuit, 

does not impair the effects of the invention. 5 pfOS. 27A-27D are diagrams showing some steps for 

Further, the order of the step of forming the p-type fabricating the pixel portion and the driving circuit 

impurity regions a), ^J^^^ FIGS. 28A-2SD arc diagrams showing some steps for 

regions f>) and (he step of forming the n-lype nnpunty poritawd the drivhig circuit 

regions (b) can also be suitably changed. In this case, in u * F F u w ^ 

whatever order the steps aie carried out, the basic functions 10 F1GS 29A-29D are diagrams showing some steps for 

of the finally formed TFTs also remain unchanged; and thus, fabricating the pixel portion and the driving circuit, 

such change in the step order does not impair the ei&cts of FIGS. 30A-30D are diagrams showing some steps foe 

the invention. fabricating the pixel portion and the driving circuit 

BO „ c ^ce^nrtrrrrtXT ac ttjc no Awrvrc 31 is a diagrams showing the structure of an active 

BRIEF DESCRIPTION OF THE DRAWINGS 1S matrix lype ^ ^ phy 

FIGS. 1A-1F are diagrams showing some steps for fab- FIGS. 32A-32B are diagrams showing the upper surface 

ricatmg a pixel portion and a driving circuit structure and the sectional structure of the EL display device. 

FIGS. 2A-2F are diagrams showing some steps for fab- FIG. 33 are diagrams showing the sectional structure of 

ricatmg the pixel portion and the driving circuit. the EL display device. 

FIGS. 3A-3C are diagrams showing some steps for FIGS. 34A-34B are diagrams showing the upper surface 

fabricating the pixel portion and the driving circuit. structure of the pixel portion of the EL display device. 

FIG. 4 is a diagram showing the sectional structure of the FIG. 35 are diagrams showing the sectional structure of 

active matrix type liquid crystal display device. the EL display device. 

FIG. S is a diagram showing the LDD structure of a 25 fiqs. 36A-3UC are diagrams showing the circuit 

n-channel type TFT. arrangement of the pixel portion of the EL display device. 

FIG. 6 is a perspective view of an active matrix type liquid FIGS. 37A-37F are diagrams showing examples of elec- 

crystal display device. trie appliances. 

FIG. 7 is a block diagram of the active matrix type liquid FIGS. 38A-J8D are diagrams showing example of elec- 

crystal display device. trie appliances, 

FIGS. 8 A and 8B are diagrams showing some steps for fiqs. 39Aand 39B are diagrams showing the structure of 

fabricating the pixel portion and the driving circuit an optical-engine. 

FIGS. 9A-9D are diagrams showing some steps for \7]q. 40 is a diagram showing a graph of the relationship 

fabricating the pixel portion and the driving circuit 35 between drain current (TD) and gate voltage (VG) on an 

FIGS. 10A and 10B are diagrams showing some steps for n-chatmel TFT formed in accordance with the present inveo- 

fabricating the pixel portion and the driving circuit tion. 

FIGS 11A-13UD are diagrams showing some steps for FIGS. 41A and 41B are diagrams showing differences in 

fabricating the pixel portion and the driving circuit. electrical characteristics between two embodiments of the 

PIGS. 12A-12D are diagrams showing some steps for 40 present invention, 

fabricating the pixel portion and the driving circuit DESCRIPTION OF THE PREFERRED 

FIGS. 13A-13E are diagrams showing some steps for EMBODIMENTS 

fabricating the pixel portion md the driving circuit. be desenbed in detail below. 

FIGS. 15A-15F are diagrams showing some steps for Embodiment 1 

fabS^ for SO ^ 

FIGS. ^P f m ^^J^^^ ™v!^ 

fabricating the pixel portion and the driving circuit will be described. However Jor simplicity of the description, 

FIGS. 18EA-18D are diagrams showing some steps for ft fc ^ &e thal> in ^ driving circuits, a CMOS 

fabricating the pixel portion and the driving circuit. c wWch ^ ^ feafiic c j jaa ^ t of a ^ift re gbter, a buffer, 

FIGS. I9A-19F are diagrams showing some steps for 55 etc an£j m n .channel type TFT forming a sampling circuit 

fabricating the pixel portion and the driving circuit. m shown> 

FIGS. 2OA-20D are diagrams showing some steps for Referring to FIG. 1A, as a substrate 100, a glass substrate 

fabricating the pixel portion and the driving circuit or a substrate is preferably used. Besides, there may 

FIGS. 21A-21C are diagrams showing some steps for M ^ Q ^ used a substrate formed in such a manner that an 

fabricating the pixel portion and the driving circuit. insulation film is formed on the surface of a silicon substrate, 

FIGS. 22A-22D are diagrams showing some steps for a metal substrate or a stainless steel substrate. It is also 

f abitcating the pixel portion and the driving circuit possible to use a plastics substrate (including a plastics film, 

FIGS 23A-23F are diagrams showing some steps for. too) ia case the heat resistance thereof permits. 

fabricating the pixel portion and the driving circuit es On the surface of the substrate 100 on which the ITFTfc are 

FIGS 24A-24D are diagrams showing some steps for formed, -a. ground film 101 which comprises a ritoanr 

fabS^^^ containing in^^ 
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aerification, standing for a silicon oxide film, a silicon formed, care should be taken not to allow it to be e^osed 
Kl£m o Sicon oxinitride film) was formed to a to the atmospheric air. whereby it becomes possible to 
Se^ of m tt^ nThy the plasma CVD method or prevent the cotton £**Mt*tt; and the aversion 
SSZSg method. Further! by the silicon oxinitride film in characteristics of the TFTs fabricated cau be recced. 

TOentfoned this specification, an insulation film tepre- 5 Next, to the crystalline silicon film 102, the light (laser 
sented by SiOxNy (wherein 0<x and y<T ; Is referred to; an . beam) emitted from a laser beam source was irradiated 
insulation film containing silicon, oxygen and nitrogen at a (which wiU hereinafter be referred to as laser annealing) to 
predetermined ratio is referred to. Further, the silicon oxini- thereby form a crystalline silicon film 103 which had its 
tide film can be made using SiH*. N a O and NH3 as material crystallioity improved. As the laser beam, an excuner laser 

eases, and the concentration of the nitrogen contained is 10 beam of the pulse osculation type or the continuous oscil- 
orc&rablv set to at least 25 atomic % but less than 50 atomic lation type is desirable, but the beam of an argon laser of the 
£ 7 continuous oscillation type may also be used. Further, the 

la this Embodiment,, as the ground film 101, a double beam shape of the hser beam, may either be linear or 
laver structure film was used which was comprised of a rectangular, [bit*. IB) 

siHcon oxinitride film formed to a thickness of 25 to 100 nm, is Further, in place of the laser beam, the light Camp light) 
fa thickness of 50 nra, here), and a silicon oxide film formed emitted from a lamp may be irradiated (which will herein- 
to a thickness of 50 to 300 nm (a thickness of 150 nm, here), after referred to as lamp annealing)- As the lamp nght, the 
The ground layer 101 is provided for preventing the con- light of a halogen lamp or an infrared lamp can be used, 
lamination by the impurities from the substrate; in case a The step of performing heat treatment by the use of a laser 

quarts substrate is used, the ground layer may not uecessar- 20 bcam Qt a light is called an optical annealing step. In 
ily be provided. case of an optical annealing step, high-temperature heat 

Next, on the ground layer 101, a semiconductor film with treatment can be effected in a short time, so that, even in case 
a thickness of 20 to 100 nm containing an amorphous of using a substrate such as a glass substrate which has a low 
structure fan amorphous silicon film (not shown), in this heat resistance, an effective heat treatment step can be 

SEcZS^^ 25 «™ d <"* a throughput Of course, the purpose of 
As amorphous structure containing semiconductor films, an this step is to anneal, and therefore, it can be substituted with 
amorphous semiconductor film and a microcrystalline semi- a furnace annealing (also known as thermal annealmg) using 
conductor film are pointed out, and further, a compound an electric furnace. 

semiconductor film containing an amorphous structure such i n this Embodiment, the beam of a pulse oscillation type 

as an amorphous silicon germanium film is also included. 30 excimer laser was treated into a linear bcam to carry out a 
Then, in accordance with the technique disclosed in laser annealing step. As the laser annealing condition, an 
Japanese Patent Laid-Open No. 130652/1995 XeCl gas was used as excitation gas, the treating tempera- 
fJL»c~L*M™ trt n <; Pan No 5 643 82o\ a crystalline mre was set to room temperature, the pulse oscillation 

in this Embodiment) 102 was formed. The tech- set to 250 to 500 mJ/cm* fcrefaably, 350 to 400 mJ/cm ). 

nique disclosed in Japanese Patent Laid-open No. 130652/ The laser annealing step earned out under the above- 

1995 oertains to a crystallizing means using a catalytic mentioned condition exhibits the effect that the amorphous 

element (one or more elements selected from among nickel, region left after the thermal *V?*to**° «J» P«WV 

cobalt, aennantum, tin, lead, palladium, iron and copper; w crystallized, and at the same time, ^ <lef*ctsc<f *• 

tvmcaUv nickel) for promoting the crystallization of the crystallized crystalline region are reduced. Therefore, this 

More specifically in the state in which the catalytic of the semiconductor film by optical anneahng or a step for 

M^^S^Z^i^^^Jmncsc ing carried out under such a coition wJl be called a first 

Patent Laid-Open No. 130652/1995 is used, but the tech- optica) annealing. fe, 

nfaue acranlmgto Embodiment 2 may also be used. Among Next, a protective film 104 was formed in prep arat ra n for 

^crystalline silicon film* so-called monocrystalline sili; 5a the later addition of an mmunty onto the crystalline sthcon 

coriXs and PotycrystaSne silicon films are also inchided, fii m 103. As the protective film 104, there was used asdicon 

but the crystalline silicon film formed in this Embodiment is oxinitride film or a silicon oxtfe fto havMg a thickness of 

having grain boundaries. (FIG. 1A) 100 to 200 nm (preferably, 130 to 170 nm). This protective 

CcrvsSlLon L is carried out preferably in such a film 104 is for preventing the crystalline sflicon film from 

maim! &at ^fam^Xus sfceon film I heated preferably « being directly exposed to the plasma when an itnpunty is 

S«0 Jo «(TC^rS hours, though it depends on the added and for making it possible to effect a subtle conceo- 

hydtogen quantity contained, to perform a dehydrogenanon tration control. 

toatmTnt, whereby the hydrogen quanuty contained is Further, on the protective film 104 a resat mask 1W was 

brouobt down to 5 atomic % at less. Further, the amorphous formed, and, through the protective film 104, an impunty 

sflicon film may alternatively be formed by the use of «, element which gives the p-lype conductivity Xberemafiet 

another method such as the sputtering method or the evapo- referred to as p-type impurity element) was added. As the 

ration method, in which case it is desirable to sufficiently p-type impurity element, there canbe used, generally, the 

reduce the impurity elements such as oxygen and nitrogen elements belonging to the group Xm of tte'penooic laoie, 

contained in the film typically, boron or gallium. This step (called a channel 

Here, the ground film and the amorphous silicon film can 65 dopmgstep) is a step tocontrofflng : tta a t ^^ttageof 

be formed bytte same deposition method, so that both films the TFTs. Heft^n was added by fliejon ^metood 

^ybe contumously formed. After the ground film is according to: which diborono (B^B.) was plasma-exmted 
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without being mass-separated. Of course, the ion implanta- called the step of activating the impurity element which 

tion method in which mass separation is effected may also gives the n-typc conductivity or the p-type conductivity, the 

usgd, step of recrystallizing the semiconductor film or the step of 

By this step, an impurity region 106 which contained carrying out these two steps at the same time. This effect can 

p-type impurity (boron, in this Embodiment) at a concert- * also be obtained by optimizing the condition of lamp armeal- 

tration of lxlCP to 1 xlCr 18 atoms/cm 3 (generally, 5xlO l<s to ing. In this specification, the optical annealing earned out 

5x10" atoms/cm a ) was formed. In this specification, those under such a condition will be referred to as a second optical 

impurity regions which each contain a p-type impurity annealing. 

element at least within the above-mentioned concentration By this step, the junction portions to the intrinsic regions 

range will be defined as p-type impurity regions (b). (FIG. 30 (The p-type impurity regions (b) are also regarded substan- 

jq tially as i a trinsic) which exist io the boundary portions of the 

Next, the resist mask 105 was removed, and resist masks impurity regions (b) 111 to 113, that is, around the 

107 to U0 were newly formed. Then an impurity element n-type impurity regions (b). This fact moans [hat, at the point 

which gives the n-type conductivity (hereinafter referred to of time when the TFTs arc completed later, the LDD regions 

as n-type impurity element) was added to thereby form 15 and the channel forming region form very good junction 

impurity regions 111 to 113 which exhibited the n-type portions. 

conductivity. As the n-type irnpurily element, there can be In case of activating the impurity element by this laser 

used, generally, the elements belonging to the group XV of beam, the activation by heat treatment may be jointly used, 

the periodic table; and typically, phosphorus or arsenic. In case of performing activation by heat treatment, the heat 

(PIG. id) 211 treatment is to be performed at about 450 to 550° C. by 

These low concentration impurity regions 111 to 113 are taking the heat resistance of the substrate into consideration, 

the impurity regions which are made to function later as Next, the unnecessary portions of the crystalline silicon 

LDD regions in the n-channel type TFIs of a CMOS circuit film were removed to form island-shaped semiconductor 

and a sampling circuit In the impurity regions formed here, films (hereinafter referred to as active layers) 114 to U7. 

an n-type impurity element is contained at a concentration of (FIG. IF) 

2x10" to 5x10™ atorns/cm 3 (generally, 5xl0 17 to Sxl0 JS Next, a gate insulating film 118 was formed covering the 

atoms/cm 3 ). In this specification, those impurity regions active layers 114 to 117. The gate insulating film 118 is to be 

which each contain an n-type impurity element within the formed to a thickness of 10 to 200 nm, preferably 50 to 150 

above-mentioned concentration range will be defined as ntn. In this Embodiment, a silicon oxmitride film was 

ntvueimourityrcmons(b). formed- to a thickness of 115 run by the plasma CVD 

Here, phosphorul was added at a concentration of 1x10^ method, using N a O and SiH, as material (FIG. M) 

atonSbytheuseof the ion doping method according to Next, a conducive film wmch was to consntute a gate 

whfch pfaosphine (PH3) was plasma-excited without being wiring was formed The gafc i wiring may be formed of a 

l^S^Oico^ the ion implantation method ^ sublayer conductive fihr »,bu it lS preferable to form the 

SE^™"^ conductive film as a stacked layer film comprising wo 

Next, the protective film 194 was removed, and a laser * «co=tt «w«™^ ^ ^ m ^ d to second 
beam irradiation step was again carried ont. . Here again as w fi£ 120. Aere can be used a conductive film 
the laser beam, the beam o£ a pulse oscllahon type or ^^.^.^^^^f^^o^^lmo^). 
continuous oscillation type excimer 1»«>^ Sm CTO moSc^^)7^te a (W), chromium 
be^butthebeamofaconto^oscmatoatype^n ""/^Tq or J^d InaMy of the above- 
User may also be used. Further, it does not matter whether ^..^ S ^^l^ ra Z a taotahun nitride film, a 
mesbapeof the laser beam is linear or rectangular. However, « »^J*™£ ^TSuSto nSride film), or an alloy 
the aim of thissiep is to activate the rmpunty element added ^" s f4~ b S of Ae elements mentioned 
so that it is desirable to irradiate with an energy <*«*• Z v S er «to ™ W or an Mc-Ti alloy). 

t^roTccCmml^fiasitis.CFIO.lE) 50 »«Jj-*t^» "^^^^.f^ 

In P «us Embodiment, SSlta^ aSSSo om). SffibMM « the first 

out by treating the beam of a pulse oscillation type excimer £ r "°™'*£_ n9 a tungsten Stride film (WN) having a 

,aser W a linear beam The laser anneahng common was *^J£££Jt ao<J , K the 5eC ond inductive 

fsS^nW^ « mml20, a trm gS te [ ,mmhavinga«hic ta5 e SS of350 n mwas 

^^^^ . saitSSS- 

r^rfec^aS .he abZ-mentioned con- wirings 121 to 124 "*^f * l^h^tS 

dition is desirably determined so as to align the atomic is case, the gate wirings 122 and W of the J*f° 

S^frtL melting 'the semiconductor film and TFIs in drivtog ctoaits ™?™*J° f £" 

SeThe impurity element* Further, this step can be also portions of the n-type urrputtty regions (b) 111 to 113 
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throueh the gate insulating film. These overlapped portions mentioned concentration range will be defined as n-type 

will constitute Lov regions later. The gate wiring 124 is impurity regions (a). Further, in the region* in which impu- 

shown f in the cross sectional view, as if there were two gate rity regions 139 to 147 are formed, phosphorus or boron 

wirings 124 but is actually formed of one continuously which was added at the preceding step is contained, but, this 

connected pattern. (FIG. 2Q * time, phosphorus is added at a sufficiently high 

Next, an n-type impurity element (phosphorus, in this concentration, so that the influence by the phosphorus or 

EmbtSment) addL in a sel^alignment' manner by the boron added at the preceding step can safe y be ignored 

use of the gate wirings 121 to 124 as a mask. Adjustment Accordingly, in this speciGcaHon, the impunty regions 139 

Tss mad! s S o tbX to ^e thus formed impurity regions 125 to 147 may be differently referred to as n-type impunty 

to 130, phosphorus could be added at a concentration V$ to io regions (a). 

Yio (generally, x h to W) times as high as the concentration of Next, the resist masks 135 to 135 were removed, and a 

the n-type impurity regions (b) (however, at a concentration resist mask 148 was newly formed. Then a p-type impurity 

5 to 10 times as high as the concentration of boron added at element (boron, in this Embodiment) was added to form 

the foregoing channel doping step; generally, lxlO 16 to impurity regions 149 and 150 which each contained boron at 

5xl0 ia atoms/cm 3 and, typically, 3xl0 17 to .lxlO 18 atoms/ is a high concentration. Here, by the jon doping method using 

cm 3 ). In this specification, those impurity regions which diborane (B-jBs) (of course, the ion implantation method 

each contain an n-type impurity element wiLhin the above- may also be adopted), boron was added at a concentration of 

mentioned concentration range will be defined as n-type 3X10 20 to 3xl(P atoms/cm 3 feenerally, 5xl0 w to lxl(P 

impurity regions (c). (FIG. 2D) atoms/cm 5 ). Further, in this Embodiment, those p-type 

At this step, phosphorus is also added to all the n-type 20 impurity regions which each contain a p-type impurity 

impurity regions (b) excluding the portions hidden by the element within the above-mentioned concentration range 

gate wirings, at a concentration of lxlO !S to 5x10 15 atoms/ will be defined as p-type impunty regions (a). (FIG. 3A) 

cm 3 , but this concentration is very low 7 so that it does not To portions (the above-mentioned n-type impurity regions 

exert influence on the fiincrion of the n-type impurity (a) 139 and 140) of the impurity regions 149 and 150, 

regions (b). Further, to the n-type impurity regions (b) 127 25 phosphorus was already added at a concentration of lxlO 20 

to 130, boron was already added at a concentration lxlO 15 to IxUf 1 atoms/cm 3 , but, the boron added here was added 

to lxlO 18 atoms/cm 3 at the channel doping step, but, at this at a concentration three rimes or more as high as the 

step, phosphorus is added at a concentration of 5 to 10 times phosphorus concentration. Due to this, the n-type impurity 

as high as that of boron contained in the p-type impurity regions which had previously been formed were perfectly 

regions (b), so that, in this case, also, it can safely be 30 inverted to the p-type conductivity and thus came to function 

considered that the bortm exerts no influence on the function as p-type impurity regions. Accordingly in this specification, 

of the n-type impurity regions (b). the impurity regions 149 and 150 may be referred to 

Strictly speaking, however, the phosphorus concentration differently as p-type impunty regions (a> 

in those portions of the n-type impurity regions (b) 111 to Next, after the removal of the resist mask 143, a first 

113 which overlap the gate wirings remains 2xlO ie to interlay** dielectric film 151 was formed. The first mferlayer 

SxlO 19 atoms/cm 3 , whereas, to those portions which do not dielectric film 151 is to be formed of an insulation film 

overlap the gate wirings, phosphorus is added at a concen- containing silicon, more specifically, a silicon nitride film, a 

tration of lxlO 10 to 5xl0 18 atoms/cm 3 ; and thus, these silicon oxide film or a silicon oxinitride film, or a stacked 

oortions turn out to contain phosphorus at a somewhat layer film comprising a combination of them. ; Further, the 

M^c^Vrito thickness of the first interlayer dielectric film 151 * to be set 

higher concentraton Embodiment, by the plasma CVD 

toe gate msuiaung wju xxo _ fHlintf mer wi was silicon oxinitride film (in which the nitride concentration 

However, the etching gas need not necessarily be limited to run. ...._», 

this Bas . in this way? rate insulating films 131 to 134 were After this, heat treatment was earned out in order to 

formed underneath the gate wirings. (FIG. 2E) activate the n-type and p-type impunty element which were 

By exposing the active layers as mentioned above, the added at the respective concentrations. This step carl be 

acceleSvoltaee can be lowered when the step of adding 5a carried out by the use of the furnace annealing method, the 

an Kto etemfnHs carried out next. Due to this, the laser annealing method or the rapM thermal anneahng 

necOT ^n to reuSely small, so that the through- method (MA method). In this Embodiment, (be acttvaUng 

pSXS. Of course, the impurity region, may also be step was carried out by the furnace annealing 

Next, resist masks 135 to 138 were formed in a state Embodiment), for four hours. (FIG. 3B ) . 

roverinc the eate wirinas, and an n-type impurity In this case, the catalytic element (nickel, in this 

riry «g?onsl39 to 14T containing phosphorus at a high amorphous silicon fihn in this Embodiment moved m he 

concentration. Here, also, the ion doping method using so directions indicated by arrows and was gcttered into the 

tJhosphine (PHO was adopted (Of course, the ion implan- regions which were formed containing phosphorus at a Mgb 
tation method may also be used); and the concentration of concentration at the foregoing step shown m FIG. ZR Tins 

phosphorus in these regions was set to lxlO 20 to 1x10" is the phenomenon causeddue to the m^etalekawntgettenng 

atoms/cm 3 , (generally, 2xlO M to 5xl(P atoms/cm 3 ). (HO. effect ofptospborua, By so doing of wluch. the craaOrton 

2pT . «5 of the catalytic element in channel forming regions 152 to 
to this specification, those impunity regions which, each 156 fwmed later turned out to be 1x10* ' atoms/cm or 

coSaTan fTtype •hnptnity Xtent within the above- below (preferably, lx 10" atoms/cm 3 or below). 
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Conversely in the regions which became the catalytic Thereafter, a third interlayer dielectric film 167 compris- 

element gettering sites (the regions in which the impurity ing an organic resin was formed to a thickness of about 1 

regions 139 to 147 were formed at the step shown in FIG. m- As the organic resin, polyamide, acrylic, polyamide, 

IF) the catalytic element was segregated at a high polyimideamide or BCB (benzocyclobutene) can be used, 

concentration, coming to exist there at a concentration of 5 As the merits brought about by the use of an organic resin, 

SxlO 1 * atoms/cm s or more (generally; 1x10" to 5x10*° there can be enumerated the point that the deposition method 

atoms/cm') s ™Pl 8 > tbe P 0 ™ 1 tttat its re i a(iv6 dielectric constant is low, 

Further heat treatment was carried out in an atmosphere so that the parasite capacitance can be "* 

comS 3 h loSSrf hydrogen at 300 to 450- C. fori to P**«ta« .«-«•* flatn< ^ "P." 0 < ** MU *£ v fE:Z 

Thou^fmusperfbrminVastep for hydrogenatiug the « orgamc ream ifilm or a orgamc S,0 impound o*er<hanthe 

.c^la y ;rs.ThLtepis?stepfoTtcrminatinBthedaagUng above-mentioned ones can also be used In th s 

bondl Jthe semiconductor Uyer by the thermally excited Embodiment, a polyumde of (to tog whKb ^ ^jectedto 

hydrogen. As another means for hydrogenation, plasma ^T^T^r^^^ ^t^fr 

hydrogenalion (wherein the hydrogen excited by plasma is «ed ■*» " 3°° C. to form the tod interlayer 

u£d)W alternatively be performed. U dielectnc film 167 

After L activating step was over, a second interlayer Next, in the region _ wmch was , to '«mam the pixel 

dielecnic film 157 was forrned to a thickness of 500 nm to P°™^ * serening film 168 was ^formed o he third 

tj CorTfce first interlayer dielectric film 151. In this "Why* dielectr V= «J» 167 - l ° fflls *«?*«««». £» 

EmlZmenras the secLd kterlayer dielectric film 157, a ^ expression screening fihn, is used as meaning a film for 

siK^oSlmwimathicknessofSOOnmwasformedby screenmg hght and et^tomasnettc waves, 

the plasma CVD method. In this way, an interlayer dielectric Thescreemngfilml68 wasformedof a fimi composed of 

film with a thickness of 1 tan was formed comprising a an element selected from among aluminum (Al), Utamum 

stacked layer film which consisted of the first interlayer (TO and tantalum C]Ta) or a film composed mainly of one of 

dielectric film (a silicon oxihitride film) 151 and the second „ the elements; the fita> was formed to a thickness of 100 to 

interlayer dielectric film (a silicon oxide film) 157. 25 300 nm. In this Embodiment, an aluminum film in which 1 

As the second interlayer dielectric film 157, it is also wt % of titanium was incorporated, was formed to a thick- 

oossibk to use an organic resin film composed of a material ness ot 125 nm. 

such as polyimide, acrylic, polyamide, polyimideamide or Further, in case a shcon^ontammg insulation fikn rep- 

Rm rt*n7ocvclotaitene) ,„ resented by an sflicon oxide film was formed to a thickness 

BCB (benzocyclobutene;. 30 0 f 5 to 50 nm on the third interlayer <helectric film 167, the 

After thfc, a contact hole was formed adhesion of foe screening film formed thereon could be 

^r^^^fj^Ti^&vZZ enhancedFurmer.incaseplasmatreatmentusingaCF.gas 

rA"fi - tS"£ , K"'S * SSX this film c^uld be enhanced 

l^ZZSte electrode wasformed as a stacked layer surface modillca^ 

layer films each comprising a copper film and a t.tamum ™f n ^ mecti a hole must previ- 

nitride film may also be used. ^ f ^ fa ^ third mte rf a yer dielectric film. 

Next, as a passivation film 166, a _ silicon mtr.de jUm, a 45 * ^ m ^ w8 „ 0]dd6 

JtaSlua at fera i time, the hydrogen added 55 glycol tartrate solution with a sTifSciently low alkahi ion 
into the first and second interlayer dielectric films was concentration was prepared. This was a solution made by 
Mm* towards the lower layer side, so that the active mixing 15% of an •^,.«^«*|n!^S^ 

the same effect could also be obtained. Further, an opening 168 as an anode, a DC ««™™ °* ■ f«!nU*1 

Say also be formed in the passivation film 166 at the « (several mA to several teas . . 

oosition at which a contact hole for connecting the pixel The voltage between me cathode and he anode m the 
elSe Ld^iarclectrode is formed later 6 . solution varies with time in accordance wuh the growth of 
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the anodic oxide, but the voltage was raised at a voltage Lov region 207 was formed so as to contain phosphorus at 

raising rate of 100 V/min with the current kept constant, and, a concentration of 2x 10 lrt to 5x10 19 atoms/cm 3 and wholly 

when the rising voltage reached 45 V, the anodic oxidation overlap the gate wiring. 

treatment was terminated. In this way, an anodic oxide 169 Further, in case of FIG. 3C, the Lov region was disposed 
with a thickness of about 50 nm could be formed on the ■ s only at one side (only at the drain region side) of the channel 
surface of the screening film 168. Further, By so doing, the forming region 204 in order to reduce the resistance corn- 
thickness of the screening film 168 became 90 nm. The ponent as much as possible, Lov regions may also be 
values pertaining to the anodic oxidation method shown here disposed at both sides of the channel forming region 204. 
were given merely by way of example, but the optimum Further, in the it-channel type TFT303, a channel forming 
values can naturally change depending on the size of the 10 region 208 a source region 209 and a oVam region 210 were 
device fabricated, etc. for u me ?> *» d LDD regions 211 and 212 were formed 
^ , , , , . ^ 4 ... . . at both sides of the channel forming region. In case of this 
Further, here, there * employed the structure constituted structure> ponions of ^ ^ jj^u ^ 212 were 

in such a manner that, by the use of the anodic oxidation disposed so as to overlap the gate wiring, so that the regions 

method, an insulation film was provided only on the surface regions) overlapping the gate wiring through the gate 

• of the screening film, but the insulation film may also be 35 justing ^ m aiK j fl, e reg i ons wtt ich did not overlap the 

formed by a vapor phase growth method such as the plasma wiring (in this specification, such regions will be 

CVD method, the thermal CVD method or the sputtering referred to as Loff regions, wherein off is added as a suffix 

method. In such a case, the film thickness is preferably set meaning offset) were formed. 

to 20 to 100 nm (more preferably, 30 to 50 nm). Further, a Here, the sectional view shown in FIG, 5 is an enlarged 

silicon oxide film, a silicon nitride film, a silicon oxinitride 20 view showing the state in which the n-channel type TTT303 

film, a DLC (Diamond-like Carbon) film or an organic resin shown in FIG. 3C was fabricated as far as the step shown in 

film may also be used. Further, a stacked layer film com- FIG. 3B, As shown here, the LDD region 211 can be further 

prising a combination of these may also be used. divided into an Lov region 211a and an Loff region 2116. 

Next, in the third intcrlayer dielectric film 167 and the in * e 4V e ,5£? 2 ^$°sV ho ™ j* contained at 

passivation film 166, a contact hole was formed reaching the 25 } concentration of 2x10" to 5x10" atoms/cm 3 , while, in the 

drain wiring 165 was formed, arid a pixel electrode 170 was ^f? 011 211*, phosphoruses contained at a concentraUon 

formed. Hxe] electrodes 171 and 172 were the pixel dec- } h i0 1 Lim £ ™ high (generally, 1.2 to 1.5 times as high) as 

trodes for the other adjacent pixels. As the pixel electrodes ^l^* 0 ™ T* , 

if a *~ 1™ ™,£,^«„> „ C »A ;„ Further, in the pixel TFT 304, there were formed channel 

17© to 172, transparent conductive etettodes are used in fomi ^ ^ 2U > 

case of a transmission type liquid crystol display device, and regioQ l 16 f^ ff t0 220 and arfn-type impurity 

metal films are used in case of a reflection type liquid crystal regioQ ( a) 221 adjacent to the Loff regions 218 and 219. In 

display device. Here, in order to constitute a transmission ^ ^ the smtcc fCgioil 215 aDa - & 6 rcg ion 216 

type liquid crystal display device, the pixel electrodes were were reSpcctivc iy forrncd of UmiypG impurity regions (a), and 

formed by forming a compound of indium oxide and tin ^ ^ ioas m to m ^ formed of impurit y 

oxide (called ITO) into layers with a thickness of 110 nm by regioQS ( c ) 

the sputtering method. In Embodimant, the structures of the TFTs forming 

Further, the pixel electrode 170 and the screening film 168 ^ respective circuits could be optimized in accordance 

overlap each other through the anodic oxide 169 to form a the ^ rai ^ specifications required by the pixel portion 

capacitance storage 173. In this case, it is desirable to set the ^ and ^ driving circuits, and -the operability and reliability of 

screening film 168 into a floating state (an electrically ^ semiconductor device could be enhanced. More 

isolated state) or a fixed potential preferably a common spetifically, then-channel type TFT was constituted in such 

potential (an intermediate potential of the image signal sent a manrier that, in accordance with the circuit specifications, 

over as data). the LDD regions were positionally made to differ, and the 

In this way, an active matrix substrate which had driving 45 Lov regions or the L off r egions were properly used 

circuits and a pixel portion on' one and the same subs trate respectively, whereby a TFT structure made by attaching 

was completed. As shown in FIG. 3C, a p-channel type ITT importance to high-speed operation and to the measure for 

301 and n-channcl type TFTs 302 and 303 were formed in coping with the hot carriers and a TFT structure made by 

the driving circuits* and a pixel TFT 304 comprising an attaching importance to low OFF-cttrrent operation, were 

n-channel type TFT was formed in the pixel portion. so realized. 

In the p-channel type TFT 301 of the driving circuit, a For example, in case of an active matrix type liquid 
channel forming region 203 , a source region 202 and a drain crystal display device, the n-channel type TFT 302 is suited 
region 203 were respectively formed by the p-type impurity to a driving' circuit such as a shift register, a frequency 
regions (a). In actually, however, a^region containing phos- dividing circuit, a signal spHtting circuit, a level shifter or a 
phorus at a concentration of 1x10?° to lxlO 21 atoms/cm 3 ss buffer wherein importance is attac hed to high-speed opera- 
exists in a portion of the source region or the drain region. ticn. Namely, in the n-cbannel type ITT 302, an Lov region 
Further, in this region, the catalytic element gettered at the is disposed only at one side (the drain region side) o f the 
step shown in FIG. 3B exists at a concentration of 5x10" channel forming region, whereby the n-channel type TFT 
atoms/cm 3 or more (generally, lxlO 19 atoms/cm? to 5x10*° 302 is brought into a structure in which importance is 
atoms/cm 3 ). so attached to the measure for coping with the hot earners, 

Further, in the n-channcl type TFT 302, a channel forming reducing the resistance component at the same time. This is 

region 204, a source region 205, a drain region 206 and, at because, in case of the group of circuits mentioned above, 

one side (the drain region side) of the channel forming the function of the source region does not differ from that of 

region, an LDD region (in this specification, such a region the drain region, and the direction in which the carriers 

will be called Lov, wherein ov is suffixed as having the 65 (electrons) move is fixed. However, it is possible to dispose 

meaning of overlap) 207 overlapping the gate, wiring Lov regions at both sides of the channel forming region as 

through the' gate insulating film was formed; In this case, the required. 
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Rmher the n-channel type TFT 303 is suited to a sam- Next, after the formation of the alignment film, a rubbing 
Rather, the ^W"" importance treatment was conducted so that the liquid crystal molecules 

WoFF^rrent S Namely, by disposing Lov matrix substrate on which the pixel portion and the driving 
and low Oft-current °P«M|° B _/ i/^a and 5 circuits were formed and the opposite substrate were bonded 

nL^ iSitar £ caseof a sampling circuit, the fraction them is shown) by a known cell compiling step. Tteieafter, 

rftewuw regTonlnd the drain fegion is inverted to a liquid crystal 403 was injected between the Wo substrates 

tnTofovtag direcdon of the carriers by 180°, so that and perfecdy sealed by a sealing material (not shewn* As 

S^c^as e tobecorneline^ymrnetrical with respect .0 ^^^^^^^^^^ 

totHegatewiringmustbeemployed.Insomecases.itisaUo used In this way. the acUve ***** cryild 

feasible that only the Lov regions are provided. display device shown in FIG, 4 was completed. 

Further, the n-channcl type TFT 304 is suited to a pixel Next, the constitution of this active matnx type liquid 

nortta or a sampling circuit (a sample and hold circuit) crystal display device will be tocrfted referring to the 

wSTmpoZce if attached to iJoFF-cunent opera- « perspective viewshown in FIG. 6. to ,HO. «, £ "J"-" 

tion Namehr a Lav region which can become a cause for numerals common to those used ill FIGS. 1 to 3 are used for 

teea^Tte OFF^nt value is not provided, but only associating FIG. 6 with the structural sectional views shown 

Lrf >«X m praSled, whereby a low OFF-currcnt iaYIGS.lta^T^Mm^^^wk^ot^ 

o^raS^Ld Ser, b, using, as the Loff regions, pixel portion 601, a s«rming (gate) s^ ^g ^ 

L^D regions having a concentration lower than that of the » 602, a picture (source) s^aal dnvmg c^t^wbch are 

rnn JLioos & the driving circuits, there is taken the formed on the glass substrate 101. Thepjxel TFT 304 m the 

£££ta?LL Zt, cvenlf the ON-current value some- pixel portion is an a-channel type TFT, and the driving 

ZhTfaUs, the OFF-current value is thoroughly reduced. circuits prov ded tberearound are formed on the tarfi 

^b^Ld mat the n-type impurity region (a) CMOS circuit. The scanning *f^^ c '™^ a ^ 

221 is verv effective in reducing the OFF-current value. 25 the image signal driving circuit 603 are connected to the 

2Z1 is very enecuve m re b f u „ f , ,„ 7 „ m pixel portion 601 through the gate wiring 124 and the source 

Further, with respect to the channel tength d**TM* 161j FuZr, a terminal 60S to which an 

the length (width) of the Lov region 207 n the "-channel warmg^ , r connected 

*«^»»f^ to ,^^^"^S; by^nneXvkgs606and607. 

Further, the length (width) of the Lov regions 211a and ?.\2>a ^ ^ 

in the n-channel type TFT 303 is set to 0.5 to 3-0, jwm. Embodiment 3 

20 Z VoOm, the length (width) of tte Loff regions 217 active matrix substrate set forth Arough BmbcduBe*2^e 

l^^^^^TFTJM^noO.S^^m, 3 . active matrix substrate according to to Emb^merU 

SZTy^e .„ 35 includes an image signal driving circuit 701, a scanning 

generally 2.0 to 2.5, m . ^ j^tf «^ w ^ 8igMl driviag 

Further, the p-channel type TFT 301 » formed in a ^ mn 1 MCh ^ ng 0^712 and a pixel portion 

self-alignment manner, while the n-channel type TFTs 302 ™ ^ ^efficationfthe driving circuit portion is the 

to^areformedinanon-self-aKgnmentmannerjtluspornt ™^^T&T«r<he circuit* portion iududing the 

is also a feature of the present invention. «<, j gj^, 70 1 and the scanning signal 

Further, in this Embodiment, as the dielectric of the d * m 

capacitance storage, ao alumina film having a high relative driving circuit 701 comprises a shift 

dielectric constant of 7 to 9 was used >f ^ K ^ (er 70 | a shifter 70 3, a buffer 704, and a sampling 

forming the required capacitance could be reduced Further ^ scanning signal driving circuit (A) 

by using as one electrode of the capacitance storage the « ™ ^ teg ister7ol, a level shifter 709, and a 

screening film formed on the pixel TFT as m case of this ™ CC *P^ 8 scannmTsignal driving circuit B if of the 

Embodiment, the aperture ratio of the image dispUy portion ^Vons ira^rT 

ofmeachVematrixtypeliqmdcrystalmsplaydevicecould tn ^^^^ <£ilmMain ^ mW , Wh 

be enhanced, < fn trt V Arenerallv 10 and, as the n-cbannel type TFT 

Embodiment 2 gate wirings, it is effective to render them into a multi-gate 

device from the active matrix substrate. As shown in FIG. 4, 60 nve circuits. •,,«« .l.j^i™ 

anXnmen film 401 was formed on the substrate in the Further, in case of the samphog circuit 705, the dnvtag 
state s^own in FIG 3C. In this Embodiment, as the align- voltage thereof is 14 to 16 V, but the source region and the 
n£«t fito ? Drtrinbk fita was used; Further, on an drain region are inverted, and in addition, it ■ necessary to 

o^^tat£ WL. o£o3« f electrode 403 compris- reduce .he OF^curreni value, so . that as the aamphng 

^arTparc^uctiveX and arralignment fUm 404 « cixcuitTOS a Oi»dnft inctad^g ttie n-chamg ^ 

wfntformed. lather, on the opposite substrate, a color Alter TFT 303 to»jmBa 3C :m smted toFIG. 3Q «J 

and a scrccriing film may be formed as rerjuircd. n-ctanncl type TFTs are shown, but, in case tne sampling 
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circuit is actuaUy formed, an u-chatmel and p-channel type Further, as for the impurity elements added the same 

TFIS arc combined to form the sampling circuit. impurity elements as those used in Embodiment 1 will be 

Further, in case of tbe pixel portion 706, its driving used by way of example, 

voltage is 14 to 16 V, and its OFF-current value is required First, the first step to the step stown in FIG. IB are earned 

laZ^xthcilo^crthmihElofx^samvm^tyOS^ * out. The crystaUine siton 

that the pixelportion is desirably rendered into a structure in to form active layers 901 to 904, on which a protective film 

which no Lov region is disposed; and thus, the n-chaanel 90S comprising a silicon containing insulation film (a silicon 

tvneTFT304sliown in FIG. 3Cis desirably used as the pixel oxide film, in this Embodiment) is formed to a thickness of 

rjgy 120 to 150 run. (FIG. 9A) 

The constitution of this Embodiment can be easily real- 10 In this Embodiment, the case where, after a laser anneal- 

ized by fabricating TFTs in accordance with the fabrication ing step (a first optical annealing), the crystalline silicon film 

steps shown in Embodiment 1. Further, although, in this is patterned, is disclosed by way of example, but this step 

Embodiment, tbe constitution of only the pixel portion and order can be reversed. 

the driving circuit portion is shown, but, in accordance with Next, resist masks 906 to 909 are formed, and an n-type 

the fabrication steps of Embodiment 1, it is also possible to impurity element is added under the same condition as in 

form, beside the above, a signal splitting circuit, a frequency case of FIG, ID; Thus, n-type impurity regions (b) 910 to 

dividing circuit, a D/A converter circuit, an operational 912 are formed. (FIG. 9B) 

amplifier circuit, a gamma-correction circuit, and in Next, the r<»ist masks 906 to 909 arc removed, and a resist 

addition, signal processing circuits (which may also be ^ mask 913 j s new i y formed. Then a channel doping step is 

referred to as logic circuits) such as a memory circuit and a canned out under the same condition as in case of FTG. 1C. 

microprocessor circuit, on one and the same substrate. Thus, p-type impurity regions (b) 914 to 916 are formed. 

As stated above, according to the present invention, a (inc. 9C) 

semiconductor device including a pixel portion and driving Thereafter, the resist mask 913 is removed, and a laser 

circuits for controlling the pixel portion, such -as, e.g., an ^ ann0 aiing step (second optical annealing) is carried out 

electronic device comprising a driving circuit portion and a under ^ Q sam6 condition as in case of FIG. IE. By so doing, 

pixel portion on one and tbe same substrate can be realized. me adde<J n _ tV p e or p-type impurity element is effectively 

activated. (FIG. 9D) 

Embodiment 4 M ^ ^ ^ gtep &hQvm ^ mQ 2 A and the ensuing 

This Embodiment will be described, by referring to FIG. 30 steps are carried out in accordance with the steps of Embodi- 

8, with respect to a case where the TFls are fabricated in the meat 1. This Embodiment which is constituted as described 

order of fabrication steps which diifers from that of Embodi- above can be practiced in case of fabricating the active 

ment 1. This Embodiment differs from Embodiment 1 only matrix type liquid crystal display devices according to 

in respect of intermediate steps but identical with Embodi- Embodiments 2 an 3. 

ment 1 in respect of the other steps, so that the same 35 o mhrv1l w„ t a 

reference numerals will be used as far as the same steps are tmoooiraeni o 

concerned. Further, concerning the impurity elements This Embodiment wiJl be described, by referring to FIG. 

added, the same inrptirity elements as those of Embodiment 10 , with respect to a case where TFTs are fabricated in a step 

1 will be used by way of example. order differiag from that of Embodiment 1. This Embodi- 

First, the first step to the step of forming the protective « ment diflsrs only in respect of to?™ff e ?TJ££t 

film Wt are carried out in accordance with the steps of Embodiment 1 but identical with Embodiment 1 in respect 

Embodiment L Then, on the protective film 104, resist of the other steps, so that the same reference numerals wfll 

masks $01 to 804 are formed, and an n-type impurity be used as far as the same steps are concerned. Further, as 

element is added under the same condition as in case of FIG. for the impurity elements added, tbe same impurity elements 

IDJThus, n-type impurity regions (b) 805 to 807 are formed. 45 as those used in Embodiment 1 wfll be used by way of 

(FIG 8A) example. 

Next the resist masks 801 to 804 are removed, and a resist First, the first step to the step shown in FIG. IB are carried 

mask 808 is newly formed. Then a channel doping step is out in accordance with the steps of Embodiment 1, and men, 

carried out under the same condition as in case of FIG. 1C. in accordance with the steps of Embodiment 5, the state 

SlpL impurity regions (b) 809 to 811 are 50 shown in FIG. 9A is obtained. In thfe Embodiment, the case 

£r*S ffTG 8B? where, after a laser annealing step (first optical annealing), 

in accordance with thestepsof Embodiment 1, the crystalline silicon film h » pattered, is setforth by way 

tbe^psho^ of example, but this stop order can be reversed. 

"to^SStant which is constituted^ described 55 Tten a resist masklOOl is formed, and i>*^*m 

above can be practiced in case of fabricating the active step is carried out under the same condition ^ m of 

matrix type liquid crystal display devices according to FIG. 1C. Thus, p-typo impurity regions (b) 1002 to 1004 are 

Embodiments 2 and 3. formed. (FIG. 10A) 

Next, the resist mask 1001 is removed, and resist masks 

Embodiment 5 ^ 1005 to 100* are newly formed, then an n-type impurity 

intermediate steps but identical with Embodiment^ in fis annealing) similar to that !« :f™^ n 

respect of the alter steps, So that the same reference nnmer- Embodiment 5. and shown « ™\ 9 ^» "J"^ 1 * 

Lb will be used as faVas the same steps are concerned. activate .the added n-type or -p-type impurity element, and 
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thereafter, in accordance of the step order of Embodiment 1, intermediate steps but similar to the latter in respect of the 

the step shown in FIG. 2 A arid the ensuing steps arc carried other steps, so that the same reference numerals will be used 

out. This Embodiment which is constituted as described as faT as the same steps are concerned. Further, as for the 

above can be practiced in case of fabricating the active added impurity elements, the same impurity elements as 

matrix type liquid crystal display devices according to 5 those - used in Embodiment 1 will be used by way of 

Embodiments 2 and 3. example. 

First, in accordance with the steps of Embodiment 1, the 

Embodiment 7 stalc shown in FIG. 1A is obtained. Then, on the thus formed 

crystalline silicon film 102, a protective film 1201 is formed 

This Embodiment will be described by referring to FIG. 1(J to a thickness of 120 to 150 rtm. Further, on this protective 

11 with respect to a case where the TFIs are fabricated in a film 1201, resist masks 1202 to 1205 are formed, and an 
step order which differs from that of Embodiment 1. Since n-type impurity element is added under the same condition 
this Embodiment differs from Embodiment I only in respect as in case of FIG. ID. Thus, n-type impurity regions (b) 
of intermediate steps from Embodiment 1 but identical with 1206 to 1208 are formed. (FIG: 12A) 

the latter in respect of the other steps, the same reference ^ Next, the resist masks 1202 to 1205 and the protective 

numerals will be used as far as the same steps are concerned. film 1201 are removed, and a laser annealing step (first 

Further, as for the impurity elements added, the same optical annealing) is carried out under the same condition as 

impurity elements as those used in Embodiment 1 will be i n case of FIG. IB is carried oul By this step, the crystalline 

used by way of example. silicon film which has been hidden by the resist masks 1202 

First, in accordance with the steps of Embodiment 1, the 20 to 1205 is improved in its crystallinity; in the p-type impu- 

state shown in FIG.1A is obtained. Then, on the thus formed rity regions (b) 1206 to 1208, the non-crystallized silicon 

crystalline silicon film 102, a protective film 1101 is formed film is recrystallized; and at the same time, the added n-type 

to a thickness of 120 to 150 nm. Further, on the protective impurity element is activated. (FIG. 12B) 

film 1101, a resist mask 1102 is formed, and a channel Next, a protective film 1211 is again formed to a thickness 

dopmgstcp is earned out under the same condition as in case ^ of 120 to 150 nm, and a resist mask 1212 is formed. A 

of FIG. 1C. Thus, a p-type impurity region (b) 1103 is channel doping step is then carried out under the same 

formed. (FIG. UA) condition as in case of FIG. 1C. Thus, p-type impurity 

Next, the resist mask 1102 and the protective film 1101 region (b) 1213 to 1215 are formed. (FIG. 12Q 

are removed, and a laser annealing step (first optical Next, the resist mask 1212 and the protective film 1211 

annealing) is carried out under the same condition as in case 30 are removed, and a laser annealing step (second optical 

of FIG. IB. By this step, the crystalline silicon film hidden annealing) is carried out under the same condition as in case 

by the resist mask 1102 is improved in its cxysUUinity, and, of FIG. IE. By so doing, the added n-type or p-type impurity 

in the p-type impurity region (b) 1103, the non-crystallized element is effectively activated. (FIG. 12D) 

silicon film is recrystallized, and at the same time, the added The step shown in FIG. 12B can also be carried out in a 

p-type impurity element is activated. (FIG. 11B) 35 state leaving the protective film 1201 In this case, the step 

Next, aprotecrive film 1106 is again formed to a thickness of forming the protective film 1211 newly can be omitted, 

of 120to 150 nm, and resist masks 1107 to 1110 are formed. but the laser beam is attenuated throng the pro^Uve^n 

An n-lype impurity element is then added under the same so that the laser energy density ^^f^J^^ 

• AP m r m tw n tvna imrmritv higher value. Further, the protective film 1201 can be further 

condition asm left even until the laser annealing step shown in FIG. 12D is 

regions fl>) 1111 to ^ « carried out. In this case, the laser energy density is also set < 

Next, the resist masks 1107 to 1110 and the protecuve film ^ tective mm m consideration. 

110« are removed, and a laser annealing step ^(second opto* > * accordance with the steps of Embodiment 1, 

annealing) is carried out under m< .same cond^tionas ^ case ™* ^ ^ c JTng steps are carried 

ofFIG.lE.Bysodoiiig,theada^^ ^ ^ ^ EmbodimeDt wbich ta constituted as described 

element is effectively activated. (FIG. UU) ^ fae pracliced in case of fabricating the active 

The step shown in FIG. 11B can also be earned out in a matr [ x type Hquid crystal display devices according to 

state leaving the protective film 1101. In this case, the step Embodiments 2 and 3. 

of newly forming the protective film 1106 can be omitted, t Q 

but, since the laser beam is attenuated through the protective 5Q Embodiment y 

film, so that it is necessary to set the laser energy density to xhis Embodiment will be described with respect to a case 

a somewhat higher value. The protective aim 1101 can be where the TFIs are fabricated in a step order which differs 

further left even until the laser annealing step shown in FIG. f rom that of Embodiment 1. Since this Embodiment is 

11D is carried out. In this case, the laser energy density is set basically identical with Embodiment 7, so that FIG. 11 will 

also by taking the protective film into consideration. 55 oe referred to in the description to follow. Further, as for the 

After this, the step shown in FIG. IF and the ensuing steps " impurity elements, the same impurity elements as those used 

are carried out in accordance with the steps of Embodiment in Embodiment 7 will be used by way of example. 

1, This Embodiment which is constituted as described above The feature of this Embodiment lies in the point mat the 

can be practiced in case of fabricating the active matrix type hser annealing step (first optical annealing) referred to in the 

liquid crystal display devices according to Embodiments 2 6Q description of Embodiment 7 and shown in FIG. 11B is 

and 3. omitted, but the step is jointly fulfilled by the laser annealing 

step shown in FIG. 11D. In this case, the laser annealing step 

Embodiment 8 shown in FIG. 11D needs to bo changed to the first optical 

This Embodiment will be described by referring to FIG. annealing, but, by this measure, the number of steps can be 

12 with reference to a case where the TFTs are fabricated in 65 reduced, 

a step order which differs from that of Embodiment 1. This After the state shriwn in FIG. UD is obtained, die state 

Embodiment differs from Embodiment 1 only in respect of shown in FIG. IF and the ensuing steps are earned out in 
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accordance with the steps of Embodiment 1. This Embodi- 
ment which is constituted as described above can be prac- 
ticed in case of fabricating the active matrix type liquid 
crystal display devices according to Embodiments 2 and 3. 

Embodiment 10 

This Embodiment will be described with respect to a case 
where the TFTs are fabricated in a step order which differs 
from that of Embodiment 1. Since this Embodiment is 
basically identical with Embodiment 8, the description 
thereof will be made referring to FIG. 12. Further, as Ibr (he 
impurity elements added, the same impurity elements as 
those used in Embodiment 8 are used by way of example. 

Hie feature of this Embodiment lies in the point that (he 
laser annealing step (first optical annealing) referred to in the 
description of Embodiment S and shown in FIG. 12B is 
omitted, but the step is jointly fulfilled by the laser annealing 
step shown in FIG. 12D. In this case, the laser annealing step 
shown in FIG. L2D needs to be changed to the first optical 
annealing, but, by this measure, the number of steps can be 
reduced. 

After the state shown in FIG. 12D is obtained, the step 
shown in FIG. IF and the ensuing steps arc carried out in 
accordance with the steps of Embodiment 1. This Embodi- 
ment which is constituted as described above can be prac- 
ticed in case of fabricating the active matrix type liquid 
crystal display deices according to Embodiments 2, 3, 

Embodiment 11 

This Embodiment will be described by referring to FIG. 
13 with reference to a case where the TFTs are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only ia respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
as long as the same steps are concerned. Further, as for the 
added impurity elements, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

First, in accordance with the steps of Embodiment 1, the 
ground film 101 is formed qn the substrate 100, and, on this 
ground film 101, a semiconductor film containing an amor- 
phous component is formed In this Embodiment, an amor- 
phous silicon film 1301 is formed to a thickness of 30 nm by 
the plasma CVD method, (FIG. 13A) 

Next, after a protective film 1302 comprising an insula- 
tion film containing silicon is formed to a thickness of 120 
to 150 nm, a resist mask 1303 is formed. Then a channel 
doping step is carried out under the same condition as in case 
of FIG! 1C Thus, a p-typc impurity region (b) 1304 is 
formed. (FIG. 13B) - 

Next, the resist mask 1303 is removed, and resist masks 
1306 to 1308 arc newly formed. Then an n-type impurity 
element is added under the same condition as that shown in 
FIG. ID. Thus, n-type impurity regions (b) 1309 to 1311 are 
formed. (FIG. 13C) 

Next, after the protective film 1302 is removed, the 
amorphous silicon film into which an n-type or a p-type 
impurity element has been added, is crystallized in accor- 
dance with the technique disclosed in Japanese Patent Laid- 
Open No. 130652^995 to obtain a crystalline silicon film 
1312. (FIG. 13D) 

In case of effecting the crystallization by the use of the 
technique according to Embodiment 2 disclosed in Japanese 
Patent Laid-Open No. 130652/1995, it is possible to leave 
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the protective film 1302 as it is. That is to say, it is possible 
to utilize the protective film 1302 as a mask film when a 
catalytic element for promoting the crystallization is selec- 
tively added. 

5 Next, a laser annealing step (first optical annealing) is 
carried out under the same condition as in case of FTG. IB. 
By this step, the crystalline silicon film to which the impu- 
rity element has not been added is improved in its 
crystalltnity, while, in the region to which the impurity 

io element has been added, the non-crystallized silicon film is 
recrystallized, and at the same time, the added n-type or 
p-type impurity element is activated. This step is desirably 
carried out after the thermal oxide film fiormed on the surface 
of the crystalline silicon film 1312 by the crystallization step 

is shown in FIG. 13D is removed. (FIG. 13E) 

After this, the step shown in FIG. IF and the ensuing stops 
are carried out in accordance with the steps of Embodiment 
1. This Embodiment which is constituted as described above 
can be practiced in case of fabricating the active matrix type 

20 liquid crystal display device according to Embodiments 2 
and 3. 

Embodiment 12 

This Embodiment will be described, by referring to FIG. 

25 14, with respect to a case where the TFls are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 

30 as far as the same steps are concerned. Further, as for the 
added impurity elements, the same impurity elements as 
those used in Embodiment 1 wuT be used by way of 
example. 

First, the state shown in FIG. 13A is obtained in accor- 
35 dance with the steps of Embodiment 11. Next, after a 
protective film 1401 which comprises an insulation film 
containing silicon is formed to a thickness of 120 to 150 nm, 
resist masks 1402 to 1405 are formed. An n-type impurity 
element is then added under the same condition as in case of 
*° FIG. ID. Thus, n-type impurity regions (b) 1406 to 1408 are 
formed. (FIG. 14A) 

Next, the resist masks 1402 to 1405 are removed, and a 
resist mask 1409 is newly Conned. Then, under the same 
condition as in case of FIG. ic, a channel doping step is 
carried out. Thus, p-type impurity regions (b) 1410 to 1412 
are formed. (FIG. 14B) 

Next, after the protective film 1401 is removed, the 
amorphous silicon film to which an n-rypc or p-type impu- 
50 rity element has been added is crystallized in accordance 
with the technique disclosed in Japanese Patent Laid-open 
No. 130652/1995, whereby a crystalline silicon film 1413 is 
obtained. (FIG. 14Q 
In case of effecting the crystallization by the use of the 
55 technique according to Embodiment 2 described in Japanese 
Patent Laid-Open No. 130652/1995, it is possible to leave 
the protective film 1401 as it is. That is, it is possible to 
utilize the protective film 1401 as a mask film when a 
•catalytic element for promoting the crystallization is selec- 
fiO tively added. 

Next, under the same condition as in case of FIG. IB, a 
laser annealing step (first optical annealing) is carried out. 
By this step, the crystalline silicon film to which the impu- 
rity element has not been added is improved in its 
65 crystallinity, while, in the region to which the impurity 
element has been added, the nottrcrystallized silicon film is 
■ recrystallized, and at the same- time, the added n-type or 
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p-typc impurity element is activated. This step is preferably 
carried out after the thermal oxide film formed on the surface 
of the crystalline silicon film 1413 by Ibe crystallization step 
shown in FIG. 14C is removed. (FTG 14D) 

After this, the step shown in FIG. IF and the ensuing steps 
arc carried out in accordance with the steps of Embodiment 
1. This Embodiment which is constituted as described above 
can be practiced in case of fabricating the active matrix type 
liquid crystal display devices according to Embodiments 2 
and 3. 

Embodiment 13 

This Embodiment will be described, by referring to FIG. 
15, with respect to a case where the TFTs are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 



as far as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

5 First, in accordance with the steps of Embodiment 1, the 
first step to the step shown in FIG. IB are carried out (FIG. 
16A, FIG. 16B), and, in accordance with the steps of 
Embodiment 5, the state shown in FIG. 9Ab obtained (FIG. 
I6C). In this Embodiment, there is disclosed an example of 
io the case where, after the laser annealing step (first optical 
annealing), the crystalline silicon film is patterned, but this 
step order can be reversed. Further, in this Embodiment, 
there is disclosed an example of the case where the channel 
doping step is carried out after the active layer forming step, 
is but this step order can be reversed. Then, io accordance with 
the steps of Embodiment 6, the state shown in FIG. 10A is 
obtained (FTG. 16D). 
Next, from the state shown in FIG. 16D, the resist mask 

as fer as the same steps are concerned. Further, as for the ^ f°°{ ™ d *f '* ™ ^ * 8 f 

hnmnhu M^,tc ,AUri th* *m* iW.ritv ^ «c 20 wfotog film 1505 is formed in the same manner as the 

step described in connection with Embodiment 13 and 
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impurity elements added, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

First, in accordance with the steps of Embodiment 1, the 
state shown in FIG. 1C is obtained (FIGS. 15A to 15C). 25 
Here, a laser annealing step (second optical annealing) may 
be carried out under the same condition as in case of FIG. 
IE to thereby activate the p-typc impurity element which 
was added at the channel doping step. 

Next, the crystalline silicon film is patterned to form 30 
active layers 1501 to 1504. On these active layers, a gate 
insulating film 1505 is formed to a thickness of 80 to 150 nm 
(110 nro, in this Embodiment). As the gate insulating film 
1505, an insulation film containing silicon can be used, but, 
in mis Embodiment, a silicon oxinitride film is used. (FIG. 
15D) 

Next, resist masks 1506 to 1509 are formed. An n-type 
impurity element is then added as in case of FIG. ID. 
However, in case the impurity clement is added through an 
insulation film having a different thickness, it is necessary to 
set an accelerating voltage different from that in case of FIG. 
ID. Thus, n-type impurity regions (b) 1510 to 1512 are 
formed. (FIG. 15E) 

. Next, the resist masks 1506 to 1509 are removed, and a 
laser annealing step (second optical annealing) is carried out. 
By so doing, the added n-type or p-type impurity element is 
effectively activated. Further, the interfaces between the 
active layers and the gate insulating film are also improved. 
In case of this Embodiment, it is necessary to irradiate the 
laser beam through a gate insulating film with a thickness of 
110 nm, so that, by taking this into consideration, the laser 
annealing condition must be set, (FIG. 15F) 

After this, the step shown in FIG. 2B arid the ensuing 
steps are carried out in accordance with the steps of Embodi- 
ment 1. Triis Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 



shown in FIG. 15A. After this, the steps shown in FIG. 15A 
to 15C are carried out in accordance with Embodiment 13, 
and thereafter, the step shown in FIG. 2B and the ensuing 
steps are carried out in accordance with the steps of Embodi- 
ment l. This Embodiment which is constituted as described 
above can be practiced in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 



Embodiment 14 

This Embodiment will be describe d, by referring to FIG. 
16, with respect to a case where the TFTs are fabricated in 
a step order which differs from that of Embodiment l. Since 
this Embodiment differs, from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 



Embodiment 15 
This Embodiment will be described, by referring to FIG. 
17, with respect to a case where the TTTs arc fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
as long as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 
40 those used in Embodiment 1 will be used by way of 
example. 

First, the first step to the step shown in FIG. 1A are carried 
out in accordance with the steps of Embodiment 1 (HG. 
17A), and, in accordance with the step order of BmrxxUnaent 
7, the first step to the step shown in FIG, 11B are carried out 
(FIGS. 17B and 17C). Next, the crjratalline silicon film 
which has undergone a laser annealing step (first optical 
annealing) is patterned to form active layers 1761 to 1704. 
(FIG. 17D) 

In this Embodiment, there is disclosed an example of the 
case where the crystalline silicon film is patterned after the 
laser annealing step (first optical annealing, but this step 
order can be reversed 

Next, a gate insulating film 1505 is formed in the same 
manner as the step described in connection with Embodi- 
ment 13 and shown in FIG. ISA. After this, the steps shown 
in FIGS. ISA to 15C are carried out in accordance with 
Embodiment 13, arid thereafter, in accordance with the steps 
of Embodiment 1, the step shown in FIG. 2B and the ensuing 
steps are carried out This Embodiment which is constituted 
as described above can bo practiced in case of fabricating the 
active matrix type liquid crystal display device according to 
Embodiments 2 and 3. 

Embodiment 16 
This Embodiment will be described with respect to a case 
where- the TFIfc are fabricated in a step order which differs 
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from that of Embodiment 1. Since this Embodiment is can be practiced in case of fabricating the active matrix type 

basically identical with Embodiment 15 and will therefore liquid crystal display devices according to Embodiments 2 

be described referring to FIG. 17. Further, as for the impurity atij 3. 

elements added, the same impurity elements as those used in . 

Embodiment IS will be used by way of example. 5 Embodiment 18 

The feature of this Embodiment lies in the point that the This Embodiment will be describe d, by referring to FIG. 

laser annealing step (first optical annealing) described in 19, with respect to a case where the TFTs are fabricated in 

connection with Embodiment 15 and shown in FIG. 17C is a step order which differs from that of Embodiment 1. Since 

omitted, but the same step is folfilled jointly by a laser this Embodiment differs from Embodiment 1 only in respect 
annealing step which is carried out after the formation of the *° of intermediate steps but identical with the latter in respect 

n-type impurity regions (b). In this case, the condition for the of the other steps, the same reference numerals will be used 

laser annealing step performed after the n-lype impurity as long as the same steps are concerned. Further, as for the 

regions (b) are formed needs to be changed to the first impurity elements added, the same impurity elements as 

optical annealing, but, by this measure, the number of steps those used in Embodiment 1 will be used by way of 
can be reduced. In case of this Embodiment, however, the is example. 

laser beam must be irradiated through a gate insulating film First, the state shown in FIG. IB is obtained in accordance 

with a thickness of 110 nm, so that tha laser annealing with the steps of Embodiment 1 (FIGS. 19A and 19B). 

' condition must be set by taking this into consideration. Further, in accordance with the steps of Embodiment 4, the 

A laser annealing step (first optical annealing) is carried state shown in FIG. 8A is obtained (FIG, 19Q. Here, a laser 

out after the n*type impurity regions (b) are formed, and 20 annealing step (second optical annealing) may be carried out 

then, the step shown in FIG. 2B and the ensuing steps are uader the same condition as used in case of FIG. IE to 

carried out in accordance with the steps of Embodiment 1. activate the n-type impurity element which was added at the 

This Embodiment which is constituted as described above step shown in FIG. 19C. 

can be practiced in case of fabricating the active matrix type Next, the crystalline silicon film is patterned to form 

liquid display dcices according to Embodiments 2 and 3. 25 active layers 1901 to 1904. Further, on these active layers, 

_ . a gate insulating film 1905 is formed to a thickness of 80 to 

Embodiment 17 150 nm (n0 Qm> - n ihj& Embodiment). As the gate insulating 

This Embodiment will be described, by referring to FIG. film 1905, an insulation film containing silicon can be used, 

18, with respect to the case the TFTs are fabricated in a step but, in this Embodiment, a silicon oxmitride film is used. 

order which differs firc>m that of Embodiment 1, Since this 30 (FIG. 19D) 

Embodiment differs from Embodiment 1 only in respect of Next, a resist mask 1906 is formed. Then a p-type 

intermediate steps but identical with the latter in respect of impurity element is added as in case of FIG. 1C. However, 

the other steps, the same reference numerals will be used as in case (he impurity element is added through an insulation 

long as the same steps are concerned. Further, as for the film having a different thickness, the accelerating voltage 

impurity elements added, the same impurity elements as must be set to a value different from that in case of FIG. 1C 

those used in Embodiment 1 will be used by way of Thus, p-type impurity regions (b) 1907 to 1909 are formed, 

example. (FIG. 19E) 

First, in accordance with the steps of Embodiment 11, the Next, the resist mask 1906 is removed, and a laser 

state shown in FIG. 13B is obtained (FIGS, 18A and 18B). ^ annealing step (second optical annealing) is carried out. By 

Next, the resist mask 1303 is removed, and, in accordance so doing, the added n-type or p-type impurity element is 

with the technique disclosed in Japanese Patent Laid-Open effectively activated. Further, the interfaces between the 

No. 130652/1995, the amorphous silicon film to which an active layers and the gate insulating film are also improved, 

n-type or p-type impurity element has been added is crys- In case of this Embodiment, it is necessary to irradiate the 

tallized to obtain a crystalline silicon film 1801. (FIG. 18Q 45 laser beam through the gate insulating film with a thickness 

In case of effecting the crystallization by the use of the of 110 nm, so that the laser annealing condition must be set 

technique according to Embodiment 2 described in Japanese by taking this into consideration. (FIG. 19F) 

Patent laid-Open No. 130652/1995, it is possible to leave After this, the step shown in FIG. 2B and the ensuing 

the protective film 1302 as it is. That is, the protective film steps are carried out in accordance with the steps of Embodi- 

can be utilized as a mask film when a catalytic element for so xneut 1. This Embodiment which is constituted as described 

promoting the crystallization is selectively added. above can be practiced in case of fabricating the active 

Next, a laser annealing step (first optical Annealing) is matrix type liquid crystal display devices according to 

carried out under the same condition as in case of FIG. IB. Embodimenis 2 and 3. 

By this step, the crystalline silicon film to which no impurity Embedment 1 9 

element has been added is improved in its crystallinity, 55 1 

while, in the region to which the impurity element has been This Embodiment will be described, by referring to FIG. 

added, the non-crystallized silicon film is recrystallized, and 20, with respect to a case where the TFTs are fabricated in 

at the same time, the n-type or p-type impurity element a step order which differs from that of FIG. 1. Since this 

added is activated It is preferable that this step is carried out Embodiment differs from Embodiment 1 only in respect of 

after the removal of the thermal oxide film formed on the so intermediate steps but identical with the latter in respect of 

surface of the crystalline silicon film 1801 through the the other steps, the same reference numerals will be used as 

crystallization step shown in FIG. 18C. (FIG. 18D) long as the same steps are concerned. Further, as for the 

After this, the steps shown in FIGS. ISA to 15C are impurity elements added, the same impurity elements as 

carried out in accordance with Embodiment 13, and those used in Embodiment 1 will be used by way of 

thereafter, the step shown in FIG. 2B and the ensuing steps 65 example. 

are carried out in accordance with the steps of Embodiment First, in accordance with the steps of Embodiment 1, the 

1. This Embodiment which is constituted as described above first step to the step shown in FIG. IB are carried out, and 
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then, the state shown in FIG. 9B is obtained in accordance 
with Embodiment 5. In this Embodiment 19, there is dis- 
closed an example of the case where, after the Laser anneal- 
ing- step (first optical annealing), the crystalline silicon film 
is patterned, but this step order can be reversed. Further, in 
this Embodiment, the n-type impurity regions (b) are formed 
after the formation of the active layers, but this order can 
also be reversed. 

After this, the steps shown in FIGS. 19D to 19F are 
carried out in accordance with Embodiment 18, and 
thereafter, the step shown in FIG. 2B and the ensuing steps 
are carried out in accordance with the steps of Embodiment 
1. This Embodiment which is constituted as described above 
can be practiced in case of fabricating the active matrix type 
liquid crystal display devices according to Embodiments 2 
and. 3, 

Embodiment 20 

This Embodiment will be describe d, by referring to FIG. 
21, with respect to a case where the TFIs are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
of the other steps, the same reference numerals will be used 
as long as the same steps are concerned. Further, as for the 
impurity elements added, the same impurity elements as 
those used in Embodiment 1 will be used by way of 
example. 

First, in accordance with the steps of Embodiment 1, the 
first step to the step shown in FIG. 1A are carried out (PIG. 
21A), and then, in accordance with Embodiment 8, the state 
shown in FIG. 12B is obtained (FIGS. 21B and 21C). In this 
Embodiment, there is disclosed an example of the case 
where, after the laser annealing step (first optical annealing), 
the crystalline silicon film is patterned, but this step order 
can be reversed. 

After this, the steps shown in FIGS. 19D to 19F are 
carried out in accordance witb Embodiment 18, and 
thereafter, the step shown in FIG. 2B and the ensuing steps 
are carried out in accordance with the steps of Embodiment 
1. This Embodiment which is constituted as described above 
can be practiced in case of fabricating the active matrix type 
Kmiid crystal display devices according to Embodiments 2 
and 3. 

Embodiment 21 

This Embodiment will be described with respect to a case 
where the TFIs arc fabricated in a step order which differs 
fiom that of Embodiment 1, Since this Embodiment is 
basically identical with Embodiment 20, the description will 
be made referring to FIG. 21. Further, as for the impurity 
elements added, the same impurity elements as those used in 
Embodiment 20 will be used by way of example. 

In this Embodiment, the laser annealing step (first optical 
annealing) described in connection with Embodiment 20 and 
shown in FIG. 21C is omitted, but this same step is jointly 
carried out by the laser annealing step performed after the 
n-type innmrity regions (b) are formed. In this case, the 
condition for the laser annealing step carried out after the 
formation of the n-type impurity regions (b) must be 
changed to the first optical armealing, but, by so doing, the 
number of steps can be reduced, in case of this Embodiment, 
however, it is necessary to irradiate the laser beam through 
the gate insulating film having a thickness of 110 nm, so that, 
by taking this into consideration, the laser annealing condi- 
tion must be set. 
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In case the laser annealing step (first optical annealing) is 
carried out after the n-type impurity regions (b) are formed, 
the step shown in FIQ. 2B and the ensuing steps are 
subsequently carried out in accordance with the steps of 
5 Embodiment 1. This Embodiment which is constituted as 
described above can be practiced in case of fabricating the 
active matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

in Embodiment 22 

This Embodiment win be described, by referring to FIG. 
22, with respect to a case where the TFIs are fabricated in 
a step order which differs from the step order of Embodi- 
ment 1. Since this Embodiment differs from Embodiment 1 

15 only in respect of intermediate steps but identical with the 
latter in respect of the other steps, the same reference 
numerals will be used as long as the same steps are con- 
cerned. Further, as for the impurity elements added, the same 
impurity elements as those used in Embodiment 1 will be 

20 used by way of example. 

First, in accordance with the steps of Embodiment 11, the 
first step to the step shown in FIG. 13A are carried out (FIG. 
22A), and then, in accordance with Embodiment 12, the 

25 state shown in FIG. 14A is obtained (FIG. 22B). 

Next, after the removal of the protective film 1401, the 
amorphous silicon film to which an n-type impurity element 
has been added is crystallized in accordance with the tech- 
nique disclosed in Japanese Patent Laid-Open No. 130653/ 

30 1995, whereby a crystalline silicon film 2201 is obtained. 
(FIG. 22Q 

In case of effecting the crystallization by the use of the 
technique according to Embodiment 2 described in Japanese 
Patent Laid-Open No. 130652/1995, it is possible to leave 

35 the protective film 1401 as it is. It is because the protective 
film can be u tilized as a mask film when a catalytic element 
for promoting the crystallization is selectively added 

Next, under the same condition as in case of FIG. IB, a 
leaser annealing step (first optical annealing) is carried out. 

40 By this step, the crystalline silicon film to which the impu- 
rity element has not been added is improved in its 
crystalUnity, while, in the region to which the impurity 
element has been added, the non-crystallized silicon film is 
rccrystalKzcd, and at the same time, the n-type impurity 

45 element added is activated. It is preferable that this step is 
carried out after the thermal oxide film formed on the surface 
of the crystalline silicon film 2201 through the crystalliza- 
tion step shown in FIG, 22C. (FIG. 22D) 
After this, the steps shown in FIGS. 19D to 19F are carried 

50 out in accordance with Embodiment 18, and thereafter, the 
step shown in FIG. 2B and the ensuing steps are carried out 
in accordance with the steps of Embodiment 1. In mis 
Embodiment, mere is disclosed an example of the case 
where, after the laser annealing step (FIG, 22D), the crys- 

ss talline silicon, film is patterned, but this order can be 
reversed. Further, this Embodiment which is constituted as 
described above can be practiced in case of fabricating the 
active matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 

60 

Embodiment 23 

This Embodiment will be described, by referring to FIG. 
23, with respect to a case where the TFIs are fabricated in 
65 a step order which differs from that of Embodiment 1. Since 
this Embodiment differs from Embodiment 1 only in respect 
of intermediate steps but identical with the latter in respect 
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of the other steps, the same reference numerals will be used n-type impurity regions (b) are formed needs to be changed 

as long as the same steps aie concerned, Further, as for the to a first optical annealing, but, by this measure, the number 

impurity elements added, the same impurity elements used of steps can be reduced. In case of this Embodiment, 

m Embodiment 1 wifl also be used by way of example. however, it is necessary to irradiate a laser beam through the 

First, the first step to the state show* in FIG. IB arc * g»* insulating film with a thickriess of 110 nm, so that by 

carried out in accordance with the steps of Embodiment 1 taking this into consideration, the laser annealing condition 

(FIGS. 23A and 23B). Next, the crystalline silicon film 103 must be set. 

is patterned in the same manner as in case of Embodiment After the laser annealing step (first optical annealing) 

5 to form active layers 901 to 904. In this Embodiment, there shown in FIG. 23F is carried out, the step shown in FIG. 2B 

is disclosed an example of the case where, after the laser *° and the ensuing steps are carried out in accordance with the 

annealing step (first optical annealing), the crystalline sili- steps of Embodiment 1. This Embodiment which is consti- 

con film is patterned, but this order can be reversed. tuted as described above can be practiced in case of fabri- 

Thcn, on these active layers, a gate insulating film 2301 eating the active matrix type Uquid crystal display devices 

is formed to a thickness of 80 to 150 nm (110 nm, in this according to Embodiments 2 and 3. 

Embodiment). As the gate insulating film 2301, an insulation * Embodiment 25 

film containing silicon can be used, but, in this Embodiment, t ^ t Jt M _ , , . . e . . m ~ 

a silicon oxmitride film is used. (FIG. 23C) Embodiment will be tooted, by referring to FIG. 

, +*~s **a* c a tu 24, with respect to the stops for forming a semiconductor 

Next, resist masks 2302 to 2305 are formed Then an film v^27 0 institute the active layers of the TFIs. The 

n-type impurity e ement is added as m case oZ FIG ID 2Q tallizin ^ means ^ in this Embodiment is the tech- 

However, in case the ^punty ^ » D ^ ue ac ^ ding t0 Embodiment 1 described in Japanese 

m^attonfi^ havmgam Palem Laid-Open No. 130652/1995. 

voltage must be set to a value different from that in case or r t 4 , . . , 

FIG, ID. Thus, n-type impurity regions (b) 2306 to 2308 are First, on 1 i sub sir ate (a glass substrate in this 

formed fFIG 2SB\ Embodiment) 2401, there are formed a ground film 2402 

V ) is comprising a silicon oxinitride film with a thickness of 200 

Next, the resist masks .2302 to 2305 are removed and a nm ^ * bmiS semiconductor fihn (an amorphous 

resist mask 2309 is newly formed. Then a channel doping sajcQn fi ^ ^ Embodiment) 2403 with a thickness of 

step a carried out under the same condition as in case of m ^ ^ ^ canfcd ^ . R ^ ^ ^ 

FIG. 1C However, m case of adding Ihe impurUy element ^ d fikn ^ me semiconductor film are 

through an insulation film having a different thickness, it is # con | nuousI &nned ^ <apo>ed to ^ fttmo . 

necessary to set the accelerating voltage to a value different —u.^ air ■ 

from that in case of FIG. 1C Thus, p-type impurity regions * , . , « . <■ -i i 

aa^?a ; m\ mrr -TWk Next, an aqueous solution (aqueous solution of nickel 

(b) 2310 to 2312 are formed. (FIG. 23B) ^ containing a catalytic element (nickel, in this 

In this Embodiment, the step shown in FIG. 23D and the Embodimeilt ) of 10 pp m ^ ten^ 0 f weight is applied by 

step shown in FIG. 23E can be reversed m step older. 35 spin coatfag / to form a catalytic dement containing layer 

Next, the resist mask 2309 is removed, and a laser 2404 over the whole surface of the amorphous semioonduc- 

annealing step (second optical annealing) is carried out. By tor film 2403. As the catalytic elements which can be used 

so doing, the n-type or p-type impurity element added is ^ere, there are, besides nickel, metals such as germanium 

effectively activated. Further, the interfaces between the ^ (p c y t palladium (Pd), tin (Sn), lead (Pb), cobalt 

active layeis and the gate insulating film are also improved. 40 £ Co ^ platinum (Pt), copper (Cu) and gold (Au). (FIG. 24A) 

In case of this Embodiment, it is necessary to irradiate the Although, in this Embodiment, the method of adding 

laser beam through a gate insulating film with a thickness of mc k c i by spin coating is used, it is also possible to employ 

110 nm, so that, by taking this into consideration, the laser me m6ans 0 f forming, on the amorphous semiconductor 

annealing condition must be set. (FIG. 23F) nlm> a thijQ film film, Jo this Embodiment) comprxs- 

After this, the step shown in FIG. 2B and the ensuing ing a catalytic element, by the use of the evaporation method 

steps are carried out in accordance with the steps of Embodi- or &c sputtering method. 

meat 1. This Embodiment which is constituted as described Next> prior to me 0 f crystallization, a heat treatment 

above can be practiced in case of fabricating the active step ^ car ri e£ j oul at 400 to 500° G for about 1 hour to 

matrix type liquid crystal display devices according to jQ eliminate the hydrogen from within the film, and then, heat 

Embodiments 2 and 3. treatment is carried out at 500 to 650* C (preferably, 550 to 

570° C.) for 4 to 12 hours (preferably, 4 to 6 hours). In this 

Embodiment 24 Embodiment, the heat treatment is carried out at 550° C. for 

This Embodiment will be described with respect to a case 4 hours to form a crystalline semiconductor film (a crystal- 
where the TFTs are fabricated in a step order which differs ss line silicon fihn, in this Embodiment) 2403. (FIG, 24B) 
from, that of FIG. 1. Since this Embodiment is basically Here, a laser annealing step (first optical annealing) 
identical with Embodiment 23 and will therefore be similar to the laser annealing step described in connection 
described referring to FIG. 23. Further, as for the impurity with Embodiment 1 and shown in FIG. IE may be carried 
elements added, the same impurity elements as those used in out to improve the crystallinity of the crystalline semioon- 
Embddiment 23 will also be used by way of example. eo ductor film 2405. 

Hie feature of this Embodiment lies in the point that the Next, a gettering step for removing from the crystalline 

laser annealing step (first optical annealing) described in silicon film the nickel used at the crystallization step. First, 

connection with Embodiment 23 and shown in FIG. 23B is a mask insulation film 2406 is formed to a thickness of 150 

omitted, but the same step is jointly fulfilled' by a laser nm on the. surface of the crystalline semiconductor film 

annealing step (FIG. 23F) which is performed after the 65 2405,;and openings 2407 are fiormed by patterning. Then 

n-type impurity regions (b) are formed. In this case, the there is carried out the step of adding an element belonging 

condition for the laser annealing step carried out after the to the group XV of the periodic taWe (phosphorus, in thxa 
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Embodiment) to the thus exposed crystalline semiconductor 
film. By this step, gettering regions 2408 containing phos- 
phorus at a concentration of lxlO 19 to lxlO 10 atoms/cm 3 are 
formed. (FIG. 24C) 

Next, heat treatment is carried out in a nitrogen atmo- 5 
sphere at 450 to 650° C (preferably, 500 to 550' CI) for 4 
to 24 hours {preferably 6 to 12 hours). By this heat treatment 
step, the nickel in the crystalline semiconductor film is 
moved in the directions indicated by arrows, and, by the 
gettering function of the phosphorus, the nickel is captured io 
in the gettering regions 2408. Namely, since the nickel is 
removed from within the crystalline semiconductor film, the 
concentration of the nickel contained in the crystalline 
semiconductor film 2409 can be reduced down to lxlO 17 
atoms/cm 3 or below, preferably as low as 1 x 10 1 6 atoms/cm 3 . i s 
(FIG. 24D) 

The thus formed crystalline semiconductor film 2409 is 
constituted of a . crystalline semiconductor film with a very 
excellent crystallinity by the use of a catalytic element 
(nickel, here) for promoting the crystallization. Further, after 20 
the crystallization, the catalytic element is removed by the 
gettering function of the phosphorus; and thus, the concen- 
tration of the catalytic element remaining in the crystalline 
semiconductor film 2409 (excluding the gettering regions) is 
lxlO 17 atoms/cm 3 or below, preferably lxLO 16 atoms/cm 3 . 25 

' The feature of this Embodiment lies in the point that, after 
a crystalline semiconductor film crystallized by the use of a 
catalytic element is formed, gettering regions (regions con- 
taining at a high concentration an impurity element belong- 
ing to the group XV of the periodic tabic) are formed in the 
regions which are not used as active regions, and, by heat 
treatment, the catalytic element which has been used for the 
crystallization is subjected to gettering. 

The constitution of this Embodiment can be freely com- 35 
bined with any of the constitutions disclosed through 
Embodiments 1, 4 to 24. Further, it is also effective to 
practice this Embodiment in case of fabricating the active 
matrix type liquid crystal display devices according to 
Embodiments 2 and 3. 40 

Embodiment 26 

This Embodiment will be described, by referring to FIG. 
25, with respect to the step of forming a semiconductor film 
which is to constitute the active layers of the TFTs. More ^ 
specifically, the technique disclosed in Japanese Patent Laid- 
Open No. *247735/1998 (corresponding to U.S. patent appli- 
cation Ser. No. 09/034,041) is used. 

First, on a substrate (a glass substrate, in this 
Embodiment) 2501, there are formed a ground layer 2502 50 
comprising a silicon oxinitride film with a thickness of 200 
am and an amorphous semiconductor film (an amorphous 
silicon film, in this Embodiment) 2503. This step may be 
carried out in such a manner that the ground layer and the 
amorphous semiconductor film are continuously formed 55 
without being exposed to the atmospheric air. 

Next, a mask insulation film 2504 comprising a silicon 
oxide film is formed to a thickness of 200 ran, and an 
opening 2505 is formed. 

Next, an aqueous solution (aqueous solution of nickel 60 
acetate) containing a catalytic element (nickel, in this 
Embodiment) of 100 ppm in terms of weight is applied by 
the spin coating method to form a catalytic element con- 
taining layer 2506. In this eaaa, the catalytic element con- 
taining layer 2506 is selectively contacted with the amor- 
phous semiconductor film 2503, in the region in which the 
opening 2505 is formed.- As the catalytic elements usable 
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here, there Are, besides nickel (Ni), metals such as germa- 
nium (Gc), iron (Fe), palladium (Pd), Tin (Sn), lead (Pb)« 
cobalt (Co), platinum (Pi), copper (Cu) and gold (Au). (FIG. 
25A) 

Further, in this Embodiment, the method of adding nickel 
by spin coating is used, but it is also possible to adopt the 
means of forming on the amorphous semiconductor film a 
thin film (a nickel film, in this Embodiment) comprising a 
catalytic element by the use of evaporation method or the 
sputtering method. 

Next, a heat treatment step is carried out at 400 to 500° C. 
for about 1 hour prior to a crystallization step, and, after the 
hydrogen is eliminated from within the film, heat treatment 
is carried out at 500 to 650° C. (preferably, 550 to 600° C.) 
for 6 to 16 hours (preferably 8 to 14 hours). In this 
Embodiment, the heat treatment is carried out at 570 B C. for 
14 hours. As a result, crystallization proceeds, from the 
opening 2505 as a staring point, in a direction (the direction 
indicated by an arrow) approximately parallel to the 
substrate, whereby there is formed a crystalline semicon- 
ductor film (a crystalline silicon film, in this Embodiment) 
2507 in which the macroscopic crystal growth direction is 
uniform. (FIG. 25B) 

Next, a gettering step is carried out for removing from the 
crystalline silicon film the nickel used at the crystallization 
step. In this Embodiment, first the step of adding an element 
(phosphorus, in this Embodiment) belonging to the group 
XV of the periodic table by the use, as a mask, of the mask 
insulation film 2504 formed a while ago is carried out, and 
a gettering region 2508 is formed, which contains phospho- 
rus at a concentration of lxl0 lp to lxlO 20 atoms/cm 3 , in the 
crystalline semiconductor film exposed in the opening 2508. 
(FIG. 25Q 

Next, a heat treatment step is carried out in a nitrogen 
atmosphere at 450 to 650° C. (preferably 500 to 550° C.) for 
4 to 24 hours (preferably 6 to 12 hours). By this heat 
treatment step, the nickel in the crystalline semiconductor 
film is moved in the direction indicated by an arrow and 
captured in the gettering region 2508 by the gettering 
function of the phosphorus. Thus, from within the crystalline 
semiconductor film, the nickel is removed, so that the 
concentration of nickel contained in the crystalline semi- 
conductor film 2509 can be reduced to as low as lxlO 17 
atoms/cm 3 or below, preferably lxlO 16 atoms/cm*. (FIG. 
25D) 

The crystalline semiconductor film 2509 formed as men- 
tioned above turns out to be constituted of a crystalline 
semiconductor film having very good crystaUinily, by crys- 
tallizing the film through the selective addition of a catalytic 
element (nickel, here) for promoting the crystallization. 
More specifically, the crystalline semiconductor 2509 has a 
crystalline structure in which rod-like or pillar-like crystals 
are arranged side by side with a specific orientation, Further, 
after the crystallization, the catalytic element is removed by 
the gettering function of the phosphorus; and thus, the 
concentration of the catalytic element remaining in the 
crystalline semiconductor film 2509 is lxlO 17 atoms/cm 3 or 
below, preferably lxlO ia atoms/cm 3 . 

The feature of this Embodiment lies in the point that, after 
the crystalline semiconductor film crystallized by the use of 
a catalytic element ts formod, a gettering region (a region 
containing at a high concentration an impurity element 
belonging to the group XV of the.perfodie table) is formed 
65 in a region which is not used as active region, and, by heat 
. treatment, the catalytic clement used for the crystallization 
is subjected to gettering. 
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The constitution of this Embodiment can be freely com- 
bined with the constitution according to any of Embodi- 
ments 1, 4 to 24. Further, the constitution of this Embodi- 
ment can be practiced in case of fabricating the active matrix 
type liquid crystal display devices according to Embodi- 
ments 2 and 3, 

Embodiments 27 

This Embodiment will be described, by referring to FIG. 
26, with respect to a case where the TFIs are fabricated in 
a step order which differs from that of Embodiment 1 . Since 
this Embodiment is identical with Embodiment 1 in respect 
of the first step to an intermediate step, so that the same 
reference numerals will be used as long as the same steps are 
concerned. Further, as tor the impurity elements added, the 
same impurity elements as those used in Embodiment 1 will 
be used by way of example. 

First, the state shown in FIG. 2C is obtained in accordance 
with the steps of Embodiment 1 . Next, the step of adding an 
n-type impurity element (phosphorus, in this Embodiment) 
under the same condition as used in case of FIG. 2D. Thus, 
n-type impurity regions (c) 125 to 130 are formed- In this 
connection, phosphorus is added also to the already formed 
n-type impurity regions (b) at the same time, but the 
concentration of phosphorus added at this step is sufficiently 
low as compared the phosphorus contained in the n-type 
impurity regions (b) and therefore not shown here. (FIG. 
26A) 

Next, the gate insulating film is etched in a self-alignment 
manner by the use of the gate wirings as a mask For this 
etching, the dry etching method is employed, and, as the 
etching as, a CHF S gas is used. However, the etching gas 
need not be limited to this gas. In this way, gate insulating 
films 131 to 134 arc formed underneath the gate wirings- 
(FIG.26B) 

Next, a resist mask 2601 is formed, a p-type impurity 
element (boron, in this Ernbodiment) is added under the 
same condition as in case of FIG. 3A. By this step, p-type 
impurity regions 2602, 2603 arc formed. (FIG. 26C) 

Next, resist masks 2604 to 2607 are formed, and an n-type 
impurity element (phosphorus, in this Embodiment) is added 
under the same condition as in case of FIG. 2F. By this step, 
n-type impurity regions (a) 2608 to 2614 are formed. In this 
case, the phosphorus is also added to portions (the regions 
indicated by numerals 2615 and 2616) of the p-type impurity 
regions (a) 2602, 2603 at a concentration of lxlO 20 to 
1x10" atoms/cm 3 , but this phosphorus concentration is 
sufficiently low as compared with the concentration of boron 
contained in the p-type* impurity regions (a) and therefore 
not shown here. (FIG. 26V) 

After this, by carrying out the step shown in FIG, 3B and 
the ensuing steps, in accordance with the steps of Embodi- 
ment 1, an active matrix substrate of the structure described 
jn connection with FIG. 3C. In case this Embodiment is 
practiced, the concentration of the impurity element con- 
tained in the impurity regions formed in the active regions 
finally may differ from that of Embodiment 1 in some cases 
due to the change in the order of the steps. However, the 
substantial functions of the respective impurity regions do 
not vary, so that, as the description of the final structure 
obtained in case this Embodiment is practiced, the descrip- 
tion of the structure shown in FIG. 3C can be directly 
referred to. 

Further, the constitution of this Embodiment can be &eely 
combined with the constitution of any of Embodiments i, 4 
to 24. Further, the constittition of this Embodiment can be 
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also effectively practiced in case of fabricating the active 
matrix type liquid crystal ' display devices according to 
Embodiments 2 and 3. 

Embodiment 28 

5 r lTiis Embodiment will be describe d, by referring to FIG. 
27, with respect to a case where the TFIs are fabricated in 
a step order which differs from that of Embodiment 1. Since 
this Embodiment is identical with Embodiment 1 in respect 
of the steps ranging from the first step to an intermediate 

Ja step, the same reference numerals will be used as long as the 
same steps are concerned. Further, as for the impurity 
elements added, the same impurity elements used in 
Embodiment I will also be used by way of example. 
First, the state shown in FIO, 2C is obtained in accordance 

L with the steps of Embodiment 1. Next, the gate insulating 
film is etched in a self-alignment manner by the use of the 
gate wirings as a mask. For the etching, the dry etching 
method is employed, and, as the etching gas, a CHF 3 gas is 
used. However, the etching gas need not be limited to this 

20 gas. In this way, gate insulating films 2701 to 2704 are 
formed underneath the gate wirings. In the pixel TFT, the 
gate insulating films are etched to the same pattern as in case 
of the gale wirings, so that they are designated by the same 
reference numerals. (FIG. 27A) 

Next, a resist mask 2705 is formed, and a p-type impurity 
element (boron, in this Embodiment) is added under the 
same condition as in case of FIG. 3A. By this step, p-type 
impurity regions (a) 2706 and 2707 are formed. (FIG, 27B) 

30 Next, resist masks 2708 to 2711 arc formed, and an n-type 
impurity element (phosphorus, in this Embodiment) is added 
under the same condition as in case of FIG. 2F. By this step, 
n-type impurity regions (a) 2713 to 2718 are formed. In this 
case, the phosphorus is also added to portions (the regions 

35 indicated by numerals 2719 and 2720) of the p-type impurity 
regions (a) 2706 and 2707, but the concentration of this 
phosphorus is sufficiently low as compared with the con- 
centration of the boron contained in the p-type impurity 
regions (a) and therefore not shown. (FIG. 27Q 

4Q Next, the resist masks 2708 to 2711 are removed, and a 
protective film 2721 which comprises an insulation film 
containing silicon is formed to a thickness of 130 nm. Then, 
under the same condition as in case of FIG. 2D, the step of 
adding an n-type impurity element (phosphorus^ in this 

45 Embodiment) is carried out. In this way, n-type impurity 
regions (c) 2722 to 2725 are formed. Although, also to the 
n-typo impurity regions (b), n-type impurity regions (a) and 
p-type impurity regions (a) which are already formed, the 
phosphorus is added at the same rime, the concentration of 

50 the phosphorus added here is sufiicienUy low as compared 
with the concentration of the impurity elements contained in 
the other impurity regions and therefore not shown. (PIG. 
27D) 

After tins, the step shown in FIG. 3B and the ensuing 
55 steps are carried out in accordance with the steps of Embodi- 
ment 1, whereby an active matrix substrate of the structure 
described in connection with FIG. 3C can be fabricated. In 
case this Embodiment is practiced, the concentrations of the 
impurity elements contained in the impurity regions formed 
so finally in the active regions may differ from those of 
Embodiment 1 in some cases. However, the substantial 
fractions of the respective impurity regions do not differ, so 
that, as the description of the final structure in case this 
Embodiment is practiced, the description of the structure 
65 shown in FIG. 3C can be directly referred to. 

Further, the constitution of this Embodiment can be freely 
combined >vith the constitution of any of Embodiments 1, 4 
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to 24. Further, the constitution of this Embodiment can also Further, the constitution of tins. Embodiment can be freely 

be effectively practiced in case of fabricating the active combined with the constitution of any of Embodiments 1, 4 

matrix type liquid crystal display devices according to to 24. Further, the constitution of this Embodiment can also 

Embodiments 2 and 3. be effectively practiced in case of fabricating the active 

5 matrix type liquid crystal display devices according to 

Embodiment 29 Embodiments 2 and 3. 

This Embodiment will be described, by referring to FIG. c . . ^ 

28, with respect to a case where the TFTs are fabricated in embodiment 30 

a step order which differs from that of Embodiment t . Since This Embodiment will be described, by referring to FIG, 
this Embodiment is identical with Embodiment 1 in respect 10 29, with respect to a case where the TPIs are fabricated in 
of the steps ranging from the first step to an intermediate a step order which differs from that of Embodiment 1. Since 

step, the same reference numerals will be used as long as the this Embodiment is identical with Embodiment 1 in respect 

same steps are concerned. Further, as for the impurity of the steps ranging from the first step to an intermediate 

elements added, the same impurity elements used in step, so that the same reference numerals will be used as 

Embodiment 1 will also be used by way of example. 15 long as the same steps are concerned. Further, as for the 

First, toe state shown in FIG. 2C is obtained in accordance impurity elements added, the same impurity elements used 

with the steps of Embodiment 1. Next, the gate insulating in Embodiment 1 will also be used by way of example, 

film is etched in a self-alignment manner by the use of the First, the state shown in FIG. 2C is obtained in accordance 

gate wirings as a mask. For this etching, the dry etching with the steps of Embodiment 1. Next, the gate insulating 

method is employed, and, as the etching gas, a CHF 3 gas is 20 film is etched in a self-alignment manner by the use of the 

used. However, the etching gas need not be limited to this gate wirings as a mask. For this etching, the dry etching 

gas. In this way, gate insulating films 2801 to 2804 are method is employed, and, as the etching gas, a CHF 3 gas is 

formed underneath the gate wirings. Further, in the pixel used. However, the etching gas need not be limited to this 

TFT, the gate insulating films are etched to the same pattern n gas. fa this way, gate insulating films 2901 to 2904 are 

as in case of the gate wirings, so that they are designated by 35 formed underneath the gale wirings. In the pixel TFT, the 

the same reference numeral. (FIG. 28A) gate insulating films are etched to-the same pattern as in case 

Next, a resist mask 2805 is formed, and a p-type impurity of the gate wirings, so that they are designated by the same 

element (boron, in this Embodiment) is added under the reference numeral. (FIG. 2$A) 

same condition as in case of FIG. 3A. By this step, p-type 3Q Next, resist masks 2905 to 2908 are formed, and an n-type 

impurity regions (a) 2806 and 2807 are formed. (FIG. 28B) impurity element (phosphorus, in this Embodiment) is added 

Next, the resist mask 280S is removed, and a protective under the same condition as in case of FIG. 2F. By this step, 

film 2808 which comprises an insulation film containing n-type impurity regions (a) 2909 to 2917 are formed. (FIG. 

silicon is formed to a thickness of 130 nm. Then, under the 29B) 

same condition as in case of FIG. 2D, the step of adding of Next, the resist masks 2905 to 2908 are removed, and a 

an n-type impurity element (phosphorus, in this resist mask 2918 is newly formed, Then, under the same 

Embodiment) is carried out In this way, n-type impurity condition as in case of FIG. 3A, a p-type impurity element 

regions (c) 2809 to 2812 are formed. Although, also to the (boron, in this Embodiment) is added By this step, p-type 

n-type impurity regions (b) and p-typc impurity regions (a) impurity regions (a) 2919 and 2920 arc formed. Since the 

which are already formed, the phosphorus is added at the 4D concentration of the boron added here is sufficiently higher 

same time, the concentration of the phosphorus added here than the concentration of the phosphorus added .at the 

is sufficiently low as compared with the concentrations of foregoing step shown in FIG. 29B, the n-type impurity 

the impurity elements contained in the other impurity regions (a) 2909, 2910 are perfectly reversed to the p-type 

regions and therefore not shown here. (FIG. 28G) conductivity. (FIG. 29Q 

Next, after the protective film 2808 is removed, resist 45 Next, the resist mask 2918 is removed, and a protective 

masks 2813 to 2815 are formed, and an n-type impurity film 2921 which comprises an insulation film containing 

element (phosphorus, io this Embodiment) is added under silicon is formed to a thickness of 130 nm. Then, under the 

the same condition as in case of FIG. 2F. By this step, n-type same condition as in case of FIG. 2D, the step of adding an 

impurity regions (a) 2816 to 2822 are formed. Although the n-type impurity element (phosphorous, in this Embodiment) 

phosphorus is . added also to portions (the regions indicated 50 is carried out. In this way, n-type impurity regions (c) 2922 

by numerals 2823 and 2824) of the p-type impurity regions to 2925 are formed. Although, also to the n-type impurity 

(a) 2806 and 2807, the phosphorus concentration of these regions (b), the n-type impurity regions (a) and the p-type 

portions is stiflicientty low as compared with the concen- impurity regions (a) which are already formed, the phos- 

tration of boron contained in the p-type impurity regions (a) phorus is added at the same time, the concentration of the 

and therefore not shown. (FIG- 28D) 55 phosphorus added here is sufficiently low as compared with 

After this, the step shown in FIG. 3B and the ensuing the concentrations of the impurity elements contained in the 

steps are carried out in accordance with the steps of Embodi- other impurity regions and therefore not shown. (FIG. 29D) 

ment 1, whereby an active matrix substrate of the structure After this, the step shown in FIG. 3B and the ensuing 

described in connection with FIG. 3C cau be fabricated. In steps are carried out in accordance with the steps of Emhodi- 

case this Embodiment is practiced, the concentrations of the 60 meat 1, whereby an active matrix substrate of the structure 

impurity elements contained in the impurity regions finally described in connection with FIG. 3C can be fabricated. In 

formed in the active regions may differ from those in case this Embodiment is practiced, the concentrations of the 

Embodiment 1 in some cases. However, the substantial impurity elements contained in the impurity regions formed 

functions of the respective impurity regions do not differ, so finally in the active regions may differ from those in 

that, as the description of the final structure in case this 65 Embodiment 1 in some cases. However, the substantial 

Embodiment is practiced, the description of the structure functions of the respective impurity regions do not differ, so 

shown in FIG. 3C can be directly referred to. ■ that, as the description of the final structure in case this 
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_ . « » t '.^ thr descrrotioa of the structure functions of the respective impurity regions do not djSet, so 
BmbodunetU .is ™ that, as the description of the final structure in case this 

shown m HO. 3C can be dtfectly referred to. Emb odinieat is practiced, the description of the structure 

V^^^^^^^^T^J^l SowoTnG 3C can bedirectly referred to. 

matrix type liquid crystal oispiay » effectively practiced in case of fabneating the active 

Embodiments 2 and 3. jw^ ^ ^ CTystal display devices according to 

Embodiment 31 1Q Embodiments 2 and 3. 

This Embodiment will be described, by referring to FIG. Embodiment 32 
30, with respect to a case where the TFTs are fabricated in 

a step order which differs from that of Embodiment 1. Since In gase 0 f the fabrication steps disclosed in connection 

this Embodiment is identical with Embodiment 1 in respect with Embodiments 1, 4 to 31, there are shown examples 

of me steps ranging from the first step to an intermediate 15 cacn constituted in such a manner that, only to the region 

steo so that the same reference numerals will be used as which is to constitute n-channel type TFTs, channel doping 

lone as the same steps are concerned. Further, as for the ^ ma de to control the threshold voltage, but it is also 

implrity elements added, the same impurity elements used possible to apply channel doping to the whole surface 

in Embodiment 1 will also be used by way of example. without making distinction of the n-channel and p-channel 

FirsL the state shown in FIG. 2Cis obtained in accordance 20 type TFTs. In this case, the number of photo masks used at 

vSS^^fSSlLd 1. Next, the gate insulating the fabrication steps is reduced, so that the throughput and 

film is etched in a self-alignment manner by the use of the yield of the fabrication steps can be enhanced, 

gate wirings as a mask. For this etching, the dry etching Further, it is also possible in some cases to make channel 

method is employed, and, as the etching as, a CHF 3 gas is dop i ng t0 the whole surface and add, to the p-channel or the 

used However, the etching gas need not be limited to this n-chaunel type TFT, an impurity element which gives the 

gas. In this way, gate insulating films 3001 to 3004 are conductivity type opposite to that of the impurity element 

farmed underneath the gate wirings. In the pixel TFT, the which has been added to the whole surface, 

gate insulating films are etched to the same pattern as in case The wrjJStuut i 0n 0 f this Embodiment can be freely com- 

of the gate wirings, so that they are designated by the same 30 bijjed Jhe constitution of any of Embodiment 1, 4 to 31. 

reference numeral. (FIG. 30A) Further, it is also effective to practice this Embodiment in 

Next, resist masl<s 3005 to 3008 are formed, and an n- type case of fabricating the active matrix type liquid crystal 

impurity element (phosphorus, in this Embodiment) is added display devices according to Embodiments 2 and 3. 
under the same condition as in case of FIG. 2E By this step, 

n-type impurity regions (a) 3009 to 3017 are formed. (FIG. 3S Embodiment 33 
30B) The fabrication steps of Embodiments 1, 4 to 32 are b ased 
Next, die resist masks 2905 to 2908 are removed, and a m the prcmisc mat> before forming the gate wirings of the 
protective film 3018 which comprises an insulation film n , c h ann el type TFTs, the n-type impurity regions (b) which 
containing silicon is formed to a thickness of 130 nm. Then, ^ j^^n & Lov regions are formed in advance, 
under the same condition as in case of FIG. 2D, the step of 40 t fo p.type impurity regions (a) and the n-type 
adding an n-type impurity element (phosphorus, m this ^ mpur ity regions (c) are both alike formed in a self- 
Embodiment) is carried out. In this way, n-type impurity aliment manner, this constituting a feature of these 
regions (c) 3019 to 3022 are formed. Although, also to the Embodiments 1, 4 to 32. 

n-type impurity regions (b) and the n-type uiipnnly regions Howevcr> j n order to attain the effect of the invention, it 

(a) which are already formed, the phosphorus is added at the 45 . f ^ fiQal structuw ^ a structure as shown in 

same time, the concentration of the phosphorus added here p[G ^ ^ ^ invention is not limited to the process to go 

is sufficiently bw as compared with the concentrations or for reaching the final structure. Accordingly, in 

the impurity elements contained, in toother impunty M mc<*mB. thc itnpur ity regions ( a ) and the n-type 

regions and therefore not shown. (HG. 3UC) impurity regions (c) can be formed also by the use of resist 

Next, after the protective film 3018 is removed, a resist 50 masks {n ^ case ^ ^ fabrication steps of the invention are 

mask 3023 is formed, and a p-type impurity element (boron, m l]mite6 to mose D f Embodiment 1, 4 to 32, but every 

in this Embodiment) is added under the same condition 1 as in combin aH 0rj thereof is possible, 

case of FIG. 3A. By this step, p-type impurity regions 3024, t 0 f course that the constitution of this 

3025 are formed. The concentration o /the Emb odiment can be practiced in case of fabricating the 

issufficienUy higher^ 55 ^ * ^ ^ ^ces according to 

trationofmepr^borusado^a^^ E^odiments 2^d 3. 

in FIG. 30B, so that the n-type impurity regions (a) 3009, *mooaim«iK> * <ui 

3010 are perfectly inverted to the p-type conductivity. (FIG. Embodiment 34 

u' A ♦ c wn ;„ prrt IB and the ensuinu 60 This Embodiment will be described with respect to a case 

After this, the step shown m FIG. 3B and the ensuing so invect ion is applied to a semiconductor device 

stepsarccarriedoutinaccord^^ ^£^^^S^.T^%tbtiim^cia 

ment^wbercbyana D "dto 

SESSS i-J- the pixel electrode, a metal film having a high 

impurity elements contained in the impurity regions formed ss re " ec . ta ^f e - . _,, ■ , . _ . ,„ Pm hndi. 

finally in the active regions may differ from those in Hiis Embodiment is constituted as follows .In Bntah- 
Embodiment 1 in some cases. However, the substantial meats 1 .arid 4, an- n-type or a p-type impunty element is 
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directly added to the silicon substrate (silioon wafer) to form , Further, in case of employing laser crystallization, after an 

impurity regions such as LDD region, source region or drain amorphous structure containing semiconductor film is 

region, in which case, according to this Embodiment, there formed,, a laser annealing step is carried out by tbe first 

is only included the step of laser-activating n-type impurity optical annealing as disclosed in Embodiment 1." By so 

regions (b) after the n-type impurity regions (b) are formed. 5 doing, a crystalline structure containing semiconductor film 

Therefore, this Embodiment is irrelevant to the order of can be formed in a short time. Of course, lamp annealing 

forming the impurity regions other than the n-type impurity may be used in place of the laser annealing, 

regions (b) or to the order of forming tbe gate insulating ^ stated above, the crystalline structure containing semi- 

tikos, conductor film used in the present invention can be formed 

Further, this Embodiment is to be, finally, structured so as in- by tbe use of every known means. This Embodiment which 

to comprise a constitution made in such a manner that at is constituted as described above can be practiced in face of 

least a pixel portion and driving circuits are provided on one fabricating the active matrix type liqfuid crystal display . 

and the same substrate, the LDD regions of the n-channel devices according to Embodiments 2 and 3. 
type TOTs which form the driving circuits are disposed so as 

to partially or wholly overlap the gate wirings, the LDD is Embodiment 37 

regions of the pixel TFT which forms the pixel portion are Ejnbotfniant will be described with respect to a case 

disposed so as not to overlap the gate wiring?, and, in the where lhe ^ are &bricatod ^ a step order which differs 

LDD regions of the n-channel type TFTs which form the from that of Embo dim6nt 1. Since this Embodiment is 

driving circuits, an n-type impurity element is contained at idcntical ^ Embodiment 1 in respect of intermediate 

a concentration higher than that of the LDD regions of the m & ^ Fmtben ^ f()r ^ ^purity elements added, the same 

pixel TFT. impurity elements as those used in Embodiment 1 will be 

Further, it is a matter of course that the constitution of this ^ by way of examp k ( 

Embodiment can be pracLiced in ^^^^^ This Embodiment is constituted in such a manner that, 

acuvematnx type hquid crystal display devtces according to ^ ^ a semiconductor film containing silicon is formed to a 

Embodiments 2 and 3. thickness of 10 to 30 nm by the step described in Embodi- 

Embodiraent 35 ment 1 and shown in FIG. 2D, an n-type impurity element 

In case of Embodiment 1, the description has been made . is added. By so doing, it is possible to prevent the formation 

on the premise that Lov regions and Loft regions are of n-type impurity regions (c) underneath tbe gate wirings, 

disposed only in the n-cbannel^ype TFTs, and the positions 30 even if some of the n-type impurity element runs around, 

thereof are used properly in accordance with the circuit Namely, the silioon containing insulation film formed on 

specifications, but, if the TFT size is reduced (The channel the side walls of the gate wirings forms an offset^ corrc- 

length is shortened), then the same thing comes to apply also sponding to its film thickness, so that a high resistance 

to the p-channei type TFT. region can be formed. By so doing, the OFF-current value 

Namely, if the channel length becomes 2/rnior below, 35 can be sufficiently lowered, 

then the short channel effect comes to bo actually revealed, This Embodiment can be fieely combined with any of 

so that, in some cases, it becomes necessary to dispose a Lov Embodiments 1, 4 to 36. Further, it is also effectives 

region also in the p-channel type TFT. As stated above, in the practice this Embodiment in case of fabricating the active 

invention, the p-cbannel type TFT is not limited to the matrix liquid crystal display devices according to Bmbodi- 

structure shown in Embodiment 1, 4 to 31. but may be of the 40 meTlts 2 and 3. 

same structure as that of the n-channel type ITT. Fmhodiment 38 

Further, in case of practicing this Embodiment, impurity fcmoooimem j» 
regions are to be formed which contain a p-type impuritv -while the second optical annealing is performed in pro- 
element at a concentration of 2xl0 16 to 5xl0 19 atoms/cm , ce&s s t e ps shown in the Embodiments 1, 4-8, 13-15, 17-20, 
as in case the n-type impurity regions (b) are formed in the 2 % 23, and 27-37, it is possible to omit the second optical 
constitution according to one of Embodiment 1, 4 to 31. annealing. In this case, an activation process can be per- 
Further, it is effective to practice this Embodiment which is formed after addition of all impurity elements, 
constituted as described above, in case of fabricating the 

active matrix type liquid crystal display devices according to Embodiment 39 

Embodiments 2 and 3. F i G 40 ^ a graph 0 f relationship between drain 

Embodiment 36 current (ID) and gate voltage (VG) of the n-channel TFT 302 

In Embodiments 1, 4 to 31, there are disclosed examples fabricatedby the process stepsaccording t0 ^Embc>^menL 

of Mofrtm fa ^ cataJyric element for promoting crys- 1 (Hc^mafter referred to as ID-VO curve> ^40 ^er 

SStSTis used, as the method of forming a crystalline ss shows a graph of relahonship between field effcctmobOity 

^^^^^micoaduttor Aim, but°this Embodi- and tbe gate vo ^ (VG)/ *• ^ « e £ 

m^t TlaL to thecase where a crystalline structure con- * source voltage (VS) is 0V and a dram voltage (VD) rs IV 

inductor film is formed by thermal crystalli- °' 

«tion or laser crvstallization without using such a catalytic (L) of 8.1 pm, a channel width (W) of 7.6/an and a thickness 



of a gate insulation film (Tox) of 120 nm. 



zation or laser crystallization without using such a catalytic 

elC hTcL of employing thermal crystallization, an amor- " FIG. 40 shows the ID-VG curve and the field effect 
phous structure containing semiconductor film is formed, mobility in which the bold lin^represeut the^ara^emtic 
and thereafter, a heat treatment step is carried out at a before a stress test and the dotted lines represent toe char- 
temperature of 600'to 6500 C. fcr 15 to 24 hours. Namely, actcristic after the stresytest. Ibis £^P«>vcs uiat &ere* 
bTperfonning heat treatment at a temperature exceeding 65 little changes in. tbe n>-VG c^teforeand aftertbestress 
600? c!3J [nuclei are generated, whereby crystallize test and.the c^dation owing to hoteliers is resjained. 
tion proceeds. Incidentally, the. stress test here is performed under the 
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condition that a source at 0V t a drain at 20V and a gate Embodiment 43 

voltage at 4V are applied for 60 seconds at a room -j^e present invention can also be applied to an active 

temperature, in order to promote the degradation owing to matrix type EL (Electroluminescence) display (which is also 

the hot carriers. known as active matrix typo EL display device). FIG. 31 

5 shows an example thereof. 

Embodiment 40 HG 31 a diagram of me active matrix type 

FIGS. 41A and 41B show the differences in the electric EL display according to this Embodiment The reference 

characteristics in case whether the process step shown in numeral 81 denotes a display region, and, in the periphery 

FIG 15F (Embodiment 13) is performed. Incidentally, the thereof, an X-direction (source side) driving circuit 82 and 

electric characteristic in FIG. 41A shows a field effect 10 a Y-direction (gate side) driving circuit 83 are provided, 

mobility (up*) and that in FIG. 41B shows a sheet resistance Further, the pixels in the display region 81 each include a 

switching ITT 84, a capacitor 85, a current controlling TFT 

1 h 86,andanELelemem87,whef«m,totheswitchmgTFT84 J 

Embodiment 41 there are connected an X-direclion signal line (source signal 

T^86,pLr supples 90a and » « 
S Totalize a semiconductor device having a three- In fabricating the active matrix type EL display according 
SkS^^^ 20 to mis Embodiment, the constitution according to any of 

trademark of SOITEC Inc.) or ELTRAtf (registered trade- Embodiment 44 

mark of Canon Inc.). Embodiment will be described with reference to an 

The constitution of this Embodiment can be freely com- examp i e 0 f the case where an EL (electroluminescence) 

bined with the constitution of any of Embodiment 1 to 38. 25 fo^y device is fabricated by the use of the present 

„ . . A ~ invention. FIG. 32A is a top plan view of the EL display 

Embodiment 42 deyice according t0 invention, and FIG, 32B is a 

For the liquid crystal of the liquid crystal display device sectional view thereof, 

fabricated according to the invention, various liquid crystal Referring to FIG. 32A, numeral 4001 denotes a substrate, 

materials can be used. As such materials, there can be 30 numeral 4002 denotes a pixel portion, numeral 4003 denotes 

enumerated TN liquid crystal, PDLC (Polymer Dispersed a SO urcc-<jide driving circuit, and numeral 4004 denotes a 

liquid Crystal), FLC (Ferroelectric Liquid Crystal), AFLC gate-side driving circuit, wherein the respective driving 

(Antifer roelectric Liquid Crystal), and a mixture of FLC and circuits lead to an FPC (Flexible Printed Circuit) 4006 via a 

\pLQ. wiring 4005 and is connected to an external apparatus. 

For example there can be used the material disclosed in, 55 in ihiscase, a first sealing member 4101, a cover member 

H Fume et al ■ Charakteristics and Driving Scheme of 4102, a filling member 4103 and a second sealing member 

Palmer-Stabilized Monostable FLCD Exhibiting Fast 4104 are provided in a state snrroundmg the pixel portion 

Response Time and High Contrast Ratio with Gray-Scale 4002, the source-side driving circuit 4003 and the gate-side 

Capability, SID, 1098, T. Yoshfda et al.; A Full-Color &\ v ' m % circuit 4004. . 

ThwholdlessAntiferroelectric LCD Etfiibtiing Wide View- 40 FuTt her, FIG. 32B corresponds to a sectional view taken 

iwrAwto "A P*t Response Time, 841, SID97DIGEST, along the line A-A' in FIG. 32A, wherein, on the substrate 

1997 or U S. Pat. No. 5,594,569. 4001, there are formed a driving TFT (Here, however, an 

Particularly, in case the thresholds antiferroelectric n-chauuel type TFT and a p^armel type TFT 

LC^Sted to 71^ AFLC) is used, the operating 4J 4201 included in the source side driving circuit 4003 and a 

nSSt Power supply voltage of about 5 to 8 V is sufficient the EL element) 4202 included m the pixel portion 4002. 
in some cases. That is, it becomes possible to operate the i n this Embodiment, as the driving TFT 4201, there are 
driving circuits and the pixel portion with the same power US ed TFIs of the same structure as thatof the p-channel type 
supply voltage, whereby the power consumption of the TFT301aiu3men*char^ltypeTW3W^Y nm . V* 
whole liquid crystal display device' can be reduced. and , as the current controlling TFIs 4202, there is used a 
Further a ferroelectric liquid crystal or an anti- TFT of the same structure as that of the p-cfaannei typeTFT 
fel S^^5 has Ibe merit that its response 301 shown in FIG. 3C. Further, in the pfcel . p*n 4002, 
S3 liTfost as Spared with a TN liquid crystal. A there is provided a capacitance stor^ (n ^ dwjm) ooa- 
crvstalline TFT as used in the present invention can realize S5 necced to the gate of the current controlhbg 1*1 
a TFT with a very fast operating speed, so that it becomes On the driving TFT 4201 and the pixel TFT 4202, there 
nossible to realize a liquid crystal display device with a fast fc formed an interlayer dielectric film (planarization film) 
image response speed in which the fastness in response 4301 composed of a resin material, and, formed on fcis 
speed of a ferroelectric liquid crystal or an antiferroelectric interlayer dielectric film 4301 is a pixel electrode (anode) 
ikiuid crystal is sufficiently utilized. « 4302 which is electrically connected to the dram of the pixel 
It is a matter of course that the liquid crystal display TFT 4202. As the pixel electrode 4302, a transparent con- 
device according to this Embodiment can be effectively used ductive film which has a Urge w ^^ 0 ^^^™ 
■ as me display portion of an electric appliance such as a transparent conductive film; a compound of indium oxide 
^r^udSmputcr «nd tin oxide or a compound of indium oxide andzmcoxide 

Furwer,tbeconsti^ 6S <»n>iwed-. v ^i. AM t w ; c ftm«^ flfl 

• comb^ed with the constitution of any of Embodiments 1 to Further, on .to pixel elettrode 430^/there is filmed an 
3flMd41 . insulation film 430$ which has an opening formed on the 
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pixel electrode 4302. In this opening, an EL 
(electroluminescence) layer 4304 is formed on the pixel 
electrode 4302. As the material of the EL layer 4304, a 
known organic EL material or inorganic EL material can be 
used. Further, as organic EL materials, there are a low s 
molecular (monomer) material and a high molecular 
(polymer) material, but either one can be used. 

As the method of forming the EL layer 4304, the known 
evaporation technique or application technique may be used. 
Further, as for the structure of the EL layer, a hole injection 1Q 
layer, a hole transport layer, a light emitting layer, an 
electron transport layer or an electron injection layer may be 
freely combined into a stacked layer structure or a single- 
layer structure. 

Formed on (he EL layer 4304 is a cathode 4305 eompris- 
ing a conductive film with light screening properties 
(typically, a conductive film composed mainly of aluminum, 
copper or suVer or a stacked layer film comprising such film 
and another conductive film). Further, the water content and 
oxygen existing in the interface between the- cathode 4305 
and the EL layer 4304 should desirably be removed as much 
as possible. Accordingly, it is necessary to take a suitable 
measure such as the measure of continuously forming the El 
layer 4304 and the cathode 4305 in vacuum or the measure 
of forming the EL layer 4304 in a nitrogen or rare gas 
atmosphere and forming the cathode 4305 in a state kept " 
from being touched by oxygen or water content, In this 
Embodiment, the above-mentioned film formation is made 
possible by the use of a multi-chamber type (cluster tool 
type) deposition apparatus. 

The cathode 4305 is then electrically connected to the 
wiring 4005, in a region indicated by numeral 4306. The 
wiring 4005 is a wiring for applying a predetermined voltage 
to the cathode 4305 and electrically connected to the FPC 
4006 through an anisotropic conductive film 4307. 35 

In this way, an EL element comprised of the pixel 
electrode (anode) 4302, the EL layer 4304 and the cathode 
4305 is formed This EL element is surrounded by the first 
sealing member 4101 and the cover member 4102 bonded to 
the substrate 4001 by the first sealing member 4101 and is 40 
enclosed by a filling material 4103. 

As the cover member 4102, a glass plate, a metal plate 
(generally a stainless steel plate), a ceramics plate, an FRP 
(Fiberglass-Reinforced Plastics) plate, a PVF (Polyvinyl 
Fluoride) film, a Mylar film, a polyester film or an acrylic 45 
film can- be used. Further, there can also be used a sheet 
constituted in such a manner that an aluminum foil is 
sandwiched between PVF films or Mylar films. 

However, in case the direction of the light radiated from 
the EL element faces the cover member side, the cover S o 
member must be made transparent. In this case, a transparent 
substance film such as a glass plate, a plastics plate, a 
polyester film or an acrylic film is used. 

Further; as the filling material 4103, an ultraviolet- curing 
resm or a ; thermosetting resin can be used; PVC (polyvinyl ss 
chloride), acrylic, poiyirnide, epoxy resin, silicone resin, 
PVB (polyvinyl butyral)orEVA(ethylene vinyl aoctate)can 
be used. In case a moisture absorbing substance (preferably 
barium oxide) is provided within this filling material 4103, 
the deterioration of the EL'element can be suppressed, 50 

Further, a spacer may be incorporated within the filling 
member 4103. In this case, if the spacer is formed of barium 
oxide* then it is possible to provide the spacer itself with . 
moisture absorbing properties. Further, in case the spacer is 
provided, it is effective to provide a resin film on the cathode 65 
4305 as a buffer layer for alleviating the pressure from- the 
spacer. 
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Further, the wiring 4005 is electrically connected to the 
FPC 4006 through the anisotropic conductive film 4307* The 
wiring 4005 conducts to the FPC 4006 the signals sent to the 
pixel portion 4002, the source side driving circuit 4003 and 
the gate side driving circuit 4004 and is electrically con- 
nected to an external apparatus by the FPC 4006. 

Further, in this Embodiment, the second sealing member 
4104 is provided so as to cover the exposed portion of the 
fust seating member 4101 and a portion of the FPC 4006, 
whereby the EL element is thoroughly shut off from the 
outside air, thus constituting an EL display device having the 
sectional structure shown in FIG. 32B. The EL display 
device according to this Embodiment may be fabricated in 
combination with the constitution according to any of 
Embodiments 1, 4 to 38 and 41. * 

Here, FIG, 33 shows a further detailed sectional structure 
of the pixel portion, FIG. 34A shows the upper surface 
structure thereof, and FIG. 34B shows a circuit diagram 
thereof. In FIG. 33, FIG. 34A and FIG. 34B, common 
reference numerals are used, so that they may be referred to 
by one another. 

Referring to FIG. 33, a switching TFT 4402 provided on 
a substrate 4401 is formed by the use of the n-channel type 
TFT 304 shown in FIG. 3C. Therefore, as the desc riptio n of 
the structure, the description of the n-channel type TFT 304 
can be referred to. Further, the wiring indicated by numeral 
4403 is a gate wiring which electrically conne cts the gate 
electrodes 4404a, 44046 of the switching TFT 4402. 

In this Embodiment, the double gate structure in which 
two channel forming regions are formed is employed, but il 
may alternatively be the single gate structure in which one 
channel forming region is formed or the triple gate structure 
in which three channel forming regions are formed. 

Further, a drain wiring 4405 of the switching TFT 4402 is 
electrically connected to a gate electrode 4407 of a current 
controlling TFT 4406. The current controlling TFT 4406 is 
formed by the use of the p-charmel type TFT 301 shown in 
FIG- 3C. Therefore, as the description of the structure, the 
description of the p-channel type TFT 301 can be referred to. 
In this Embodiment, the single gate structure is employed, 
but the double gate structure or the triple gate structure may 
alternatively be employed. 

On the switching TFT 4402 and the current controlling 
TFT 4406, there is provided a first passivation film 4408, on 
which a planarization film 4409 composed of a resin is 
formed. It is very important to planarizc, by the use of th e 
planarization film 4409, the steps resulting from the TFTs. 
Since the EL layor which will be formed later is very thin, 
so that, due to the existence of such steps, defective light 
emission is caused in some cases. Therefore, it is desirable 
to perform planarization, before the formation of the pixel 
electrode, so that the EL layer can be formed as flat as 
possible. 

Further, numeral 4410 denotes a pixel electrode (the 
anode of the EL element) comprising a transparent conduc- 
tive film, and this pixel electrode 4410 is electrically con- 
nected to a drain wiring 4411 of the current controlling TFT 
4406. As the pixel electrode 4410,' there can be used a 
conductive film composed of a compound of indium oxide 
and tin oxide or a compound of indium oxide and zinc oxide. 

On the pixel electrode 4410, an EL layer 4412 is formed. 
In case of FIG. 33, only one pixel is shown, but, in this 
Embodiment, EL layers corresponding to the respective 
colors, R (red)5 G (green) and B (blue), are made (Hsrinctly. 
Further, in th^ r^r^d^ment, the BL layer 4412 is formed of 
a low-molecular organic EL- material by the evaporation 
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method. More specifically, there is employed the stacked that of Embodiment 44 For the description of this 

2T-isr«sfsrs 22 £ " * ™- *» ° f **— » 44 - * 

tris-8-quinoUnoUto aluminum complex (Alq3) film is pro- s rctcrreci m - ' 

. . , « , .■ « * aUi ttwi ^lnr r,f In case ot the structure shown in FIG. 35, alH having 

vided. By adding foreseen dyes to the Alo3, the color of «^ stnicture ^ ^ Mhanncl type TFT 302 shown k 

emitted light can be controlled. FIG. 3C is used as a current controlling TFT 4501. Of 

However, what is stated above is an example oi the ft ga£e electrode 4S02 0 f me current controlling TFT 

organic EL materials which can be used for the EL layer, and 4501 is comiecled to me dwm wiring 4405 of the switching 
therefore, this Embodiment need not be limited to the 10 TFT 4402. Further, the drain wiring 4503 of the current 
above-mentioned example at all. The EL layer (a layer tor controlling TFT 4501 is electrically connected to a pixel 
effecting light emission and the migration of the carriers electrode 4504. 

therefor) may be formed by freely combining the light i n this Embomment, the pixel electrode 4504 fonctions as 
emitting layer, the charge transport layer or the charge tlie cathode of the EL element and is formed by the use of 
injection layer. For example, in this Embodiment, an is a light^creening conductive film. More specifically, an alloy 
example of the case where a low-molecular organic EL g] m consisting of aluminum and lithium is used, but a 
material is used% the material of the EL layer is set forth, conductive film composed of elements belonging to the 
but a high-molecular organic EL material may be used group I or II of the periodic table or a conductive film to 
instead. Further, as the material of the charge transport layer which these elements are added may be used, 
or the charge injection layer, an inorganic material such as 20 Q ^ ^ ^i Ke \ electrode 4504, an EL layer 4505 is formed, 
silicon carbide can also be used. As these organic and Jn FIG ^ only 0Qe . p ^ ^ shown, but, according to this 
inorganic EL materials, known materials can be used. Embodiment, an EL layer corresponding to G (green) is 

Next, on the EL layer 4412, a cathode 4413 comprising a formed by the evaporation method and the application 
light-screening conductive film is provided. In case of this m6 thod (preferably, the spin coating method). More 
Embodiment, an alloy film consisting of alurninum and 25 specifically, there is formed a stacked layer structure con- 
Kthtum is used as the light-screening conductive film. Of slituted in such a manner that a h'uiium fluoride (LiF) film 
course, a known M gAg film (an alloy film consisting of with a thickness of 20 run is provided as an electron injection 
magnesium and silver) may be used instead. As the cathode Izyzr, on which a PPV (polyparalphenylcue vinylene) film 
material, there is used a conductive film composed of w j tn a thickness of 70 nm is provided as a light emitting 
elements belonging to the group I or II of the periodic tabic 30 

or a conductive film to which these elements are added, Nextj on thc el layer 4505, au anode 4506 comprising a 

At the point of time when this cathode 4413 is formed, the transparent conductive film is provided. In case of this 
EL element 4414 is completed. By the EL element 4414 Embodiment, as the transparent conductive film, there is 
mentioned here, the capacitor formed of the pixel electrode used a conductive film comprising a compound of indium 
(anode) 4410, the El layer 4412 and the cathode 4413 is ox jdc and tin oxide or a compound of indium oxide and zinc 
referred to. oxide. 

Next, the upper surface structure of the pixel according to At the point of time when this anode 4506 is formed, an 
misEmbr>dimentwmbedescribedbyreferringtoFI0.34A. £l element 4507 is competed. By the EL element 4507 
The source of the switching TFV 4402 is connected to a ^ mentioned here, the capacitor formed of the pixel electrode 
source wiring 4415, and the drain thereof is connected to the (cathode) 4504, the EL layer 4505 and the anode 4506 is 
drain wiring 4405. Further, the drain wiring 4405 is elec- referred to. ^^^^ 
trically connected to the gate electrode 4407 of the current | n ^ case> the fact that the current controlling TFT 4501 
controlling TFT 4406. The source of the current controlling ^ 0 f th e structure according to the present invention has a 
TFT 4406 is electrically connected to a current supply line 43 very important meaning. The current controlling TFT 4501 
4416, and the drain thereof is electrically connected to a ^ an dement for controlling the quantity of current flowing 
dram' wiring 4417. The drain wiring 4417 is electrically through the EL element 4507, so tha much current flows 
connected to a pixel electrode (anode) 4418 indicated by a through the current controlling TFT 4501; and therefore, the 
dotted line. current conttolhng TFT 4501 is also an element which is 

In this case, in the region indicated by numeral 4419, a 50 exposed to the high danger of its being deteriorated due to 
capacitance storage is formed. The capacitance storage 4419 heat or hot carriers. Therefore, the structure according to the 
is formed among a semiconductor film 4420 electrically present invention in which, at the drain side of the current 
connected to the current supply line 4416, an insulation film controlling TFT 4501, an LDD region 4509 is provided so 
(not shown) which is the same layer constituting the gate as to overlap the gate electrode 4502 through a gate msu- 
insulatiug film, and the gate electrode 4407. Further, the S5 lating fihn 4508, is very effective. 

capacitance constituted by the gate electrode 4407, the same Further, the current controlling TFT 4501 according to 
layer (not shown) as the first interlayer dielectric film, and this Embodiment is constituted in such, a manner that a 
the current supply wiring 4416 can be also used as a parasitic capacitance called gat& capacitance is formed 
capacitance storage. between the gate electrode 4502 and the LDD region 4509. 

In case the EL display device according to this Embodi- 60 By .adjusting this gate capacitance, a function equal to the 
ment is fabricated, it can be practiced in free combination capacitance storage 4418 shown in FIGS,. 34A and 34B can 
with the constitutions according to Embodiments 1, 4 to 38 be provided. Particularly, in case the EL display device is 
^41, operated in accordance with the digital driving method, the 

capacitance of the capacitance storage can be smaller than in 
Embodiment 45 6S case t0 e ^display device is operated fo ac^o^iice with the 

This Embodiment will be described with reference to an; . analog driving^ethod, so that the capacitance storage can 
ELdisplay device which has a pixel structure different from be substituted bV the gate capacitance. 
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la case of fabricating the EL display device according to FIG. 37B shows a video camera, which is comprised of a 

this Embodiment, it can be practiced in free combination main body 2101, a display portion 2102, a voice input 

with the constitution according to Embodiments 1, 4 to 38 portion 2103, operation switches 2104, a battery 2105, and 

an j 4j an image receiving portion 2106. The electro-optical device 

5 according to the present invention can be used in the display 

Embodiment 46 portion 21112, while the semiconductor circuit according to 

This Embodiment relates to examples of the pixel struc- the invention can be used in the voice input portion 2103, the 

lure which can be applied to the pixel portion of the EL CPU or the memory. 

display device according to Embodiment 44 or 45; these pjo. 37C shows a mobile computer, which is comprised 

examples are shown in FIGS. 36 A to 36 C. In this io 0 f a main body 2201, a camera portion 2202, an image 

Embodiment, numeral 4601 denotes the source wiring of a receiving portion 2203, an operation switch- 2204 and a 

switching TFT 4602, numeral 4603 denotes the gate wiring display portion 2205. The electro-optical device according 

of the switching TFT 4602, numeral 4604 denotes a current lo fo e invention can be used in the display portion 2205, 

controlling TFT, numeral 4605 denotes a capacitor, nuroer- wb fl e mc semiconductor device according to the invention 

als 4606 and 4608 denote current supply lines, and numeral js catl be used in the CPU or the memory. 

4607 denotes an EL element. PIG. 3713 shows a goggle display, which is com- 

HG. 36A shows an example of the case where the current prised of a m £ n 2301, display portions 2302, and arm 

supply line 4606 is commonly used between two pixels. portions 2303. The electro-optical device according to the 

That is, the: feature of this example lies in the point that the invention can be used in the display portions 2302, while the 

two pixels are formed so as to become line-symmetrical with 2a semiconductor circuit according to the invention can be used 

reference to the current supply line 4606. In this case, the ^ ^ C prj or to mc mory. 

number of power supply lines can be reduced, so that the HG. 37E shows a rear projector (projection TV), which is 

pixel portion can be made more minute and precise. comprised of a main body 2401, a light source 2402, a Hquid 

Further, FIG. 36B shows an example of the case where the cr y Sla i display device 2403, a polarization beam splitter 

current supply line 460$ is provided in parallel to the gate 25 2 404, reflectors 2405, 2406, and a screen 2407. The inven- 

wiring 4603. In the structure shown in FIG. 36B, the current tion can ^ uset j m the liquid crystal display device 2403, 

supply line 4605 and the gate wiring 4604 arc provided so WQ 2 e ^ c semiconductor circuit according to the invention 

as not to overlap each other, but if they are wirings formed caQ be used m ^ cpjj ^ me memory, 

on different layers, then they can be provided so as to ^ 3?F shows a fkont projector, which is comprised of 

overlap each other through an insulation film. In this case, 30 & ft ^ mm a Uquid 

the occupied area can be used jointly by the power supply ^ < devite %m and an tical ^4 md a 

line 4608 and the gate wiring 4603, so that the pixel portion 2SQ5 Tfae iawa ^ 01L can be used in the liquid crystal display 

can be made further minute and precise. device 2503, while the semiconductor circuit according to 

The feature of the structure shown in FIG, 36C lies in the the ^en^on ^ be used in the CPU and the memory, 

point that, as in case of the structure shown in FIG 36B, the 35 ^ ^ ^ personal computer, which includes a 

curtent supply Kne 4608 is provided in parallel to gate ^ ^ m imagQ . pordoQ 2m a 

wirings 4603, and further, two pixels are formed so as to oq 2m & 2 fi04> etc The electro-optical 

become line-symmetrical with reference to the current sup- acCQrdi to the mV6Dtio n can be used in the display 

ply Kne 4608. Further, it is also effective to provide the oq 2fi0 ^ whfle ^ semiconductor device according to 

current supply line 4608 so as to overlap one of the gate « r ^ invcnt{on ^ be ^ in me CPU and the memory, 

wirings 4603. In this case, the number of the power su^ly ^ ^ ^ 

lines can be reduced, so that the pixel portion can be made ^ & ^ ^ ^ & 

further minute and precise, ^ & disp]ay 2703 and a controller 2704. 

Embodiment 47 45 The voice and image outputted from this electronic game 

The electro-optical device and the semiconductor circuit apparatus are reproduced by a display including a casing 

a«»rdir^tofcepr^ 2705 and a display portion 2706. As ; the means for- 

oortion and the signal processing circuit of an electric communication between the controller 2704 and the main 

appliance. As such electric appliances, there can be enumer- body 2701 or the means for connmmcation between the 

ated a video camera, a digital camera, a projector, a projec- 50 electronic play apparatus and the display, wire 

tion TV, a goggle type display (head mount display), a communication* radio communication or optical communi- 

navigation system, a sound reproducing apparatus, a note cation can be used. This Embodiment is constituted in such 

tvee personal computer, a game apparatus, a portable infer- a manner that infrared rays are sensed by sensor portions 

mation terminal equipment (a mobile computer, a portable 2707 and 2708. The electro-optical device according to the 

telephone, a portable type game machine or an electronic 55 invention can be used in the display portions 2703 and 2706, 

book) and an image reproducing apparatus with a recording while the semiconductor device according to the invention 

medium. HG. 37 to FIG. 39 show concrete examples of can be used in the CPU andthe memory, 

these electric appliances. FIG. 38C shows a player (image reproducing apparatus) 

HG, 37A shows a portable telephone, which is comprised using a recording medium (hereinafter referred to merely as 

of a main body 2001, a voice output portion 2002, a voice 60 recording medium) on which a program is recorded; this 

input portion 2003, a display portion 2004, operation player includes a main body 2801, a display portion 2802, a 

switches 2005 and an antenna 2006. The electro-optical loudspeaker portion 2803, a recording medium 2804 and an 

device according to the present invention can be used in the operation switch 2805. Further, in this image reproducing 

display portion 2004, while the semiconductor circuit apparatus, a DVD (Digital Versatile Disc), a CD or the like 

according to the invention can be used in the voice output -45 is used as .the- recording medium, and, through this 

portion 2002, the voice input portion 2003 , the CPU or the apparamv'm^and movies can be appreciated, games can 

^ emo be played, and internet communication can be performed. 
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The electro-optical device according to the present invention 
can be used in the display portion 2802, the CPU and the 
memory. 

FIG. 38D shows a digital camera, which includes a main 
body 2001, a display portion 2902, an eye-piece portion 5 
2903, operation witches 2904, and an image receiving 
portion (not shown). The electro-optical device according to 
the invention can be used in the display portion 2902, the 
CPU and the memory. 

FIGS. 39 show in detail an optical engine which can be 1D 
used in the rear projector shown in FIG. 37E and the front 
projector shown in FIG. 37F. FIG. 39A shows the optical 
engine, and FIG. 39B shows the optical system of the light 
source built in the optical engine. 

The optical engine shown in FIG. 39A includes a light 15 
source optical system 3001, mirrors 3002, 3005 to 3007, 
dicbroic mirrors 3003, 3004, optical lenses 3008a to 3008c, 
a prism 3011, a liquid crystal display device 3010, and a 
projection optical system 3012. The projection optical sys- 
tem 3012 is an optical system comprising a projection lens. 
As this Embodiment, a three-plate type using three liquid 20 
crystal display devices 3010 is shown by way of example, 
but a single plate type may also be used. Further, in the 
optical path indicated by arrows in FIG. 39A, there may be 
provided an optical lens, a film having a polarizing function, 
a film for adjusting the phase difference or an 1R film. 25 

Further, as shown in FIG. 39B, the light source optical 
system 3001 includes light sources 3013 and 3014, a com- 
plex prism 3015, collimator lenses 3016 and 3020, lens 
arrays 3017 and 3018, and a polarization conversion element 
3010. In the light source optical system shown in FIG. 39B, 
two light sources are used, but one light source or three or 
more light sources may be provided. Further, somewhere of 
the light source optical system, an optical lens, a film having 
a polarizing function, a film for adjusting the phase differ- ^ 
ence or an IR film may be provided. 

As mentioned above, the range of application of the 
present invention is very wide; and the invention can be 
applied to electric appliances in every field. Further, the 
electric appliance according to this Embodiment can be 
realized by using a constitution comprising any combination 
of Embodiments 1 to 38- and 41 to 46. 

By the use of the present invention, it becomes possible 
to dispose, on a substrate, a circuit with an appropriate 
function in accordance with the specifications required by ^ 
the circuit; and thus, the operating performance and the 
reliability of semiconductor devices could be enhanced to 
substantial degree. 

Further, in an active matrix type liquid crystal device or 
tjie pixel portion of an electronic device of which an active so 
matrix type EL display device is representative, a storage 
capacitor which has a small area yet a large capacity can be 
formed. Therefore, even in case of an electronic device in 
which the diagonal of the pixel portion is 1 inch or less, il 
becomes possible to secure a suflScient storage capacitor 55 
without lowering the aperture ratio. 

Further, the operating performance and reliability of an 
electric appliance which has such an electronic device as its 
display portion could be enhanced. 

What is claimed is: so 

1. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, 65 

subjecting said semiconductor film to a first optical 
annealing, 
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introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFIs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

introducing a n-type impurity element to regions of said 
semiconductor film which are to constitute n -channel 
type TFIs forming said driving circuits, whereby 
n-iype impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to form active layers . 

of said n-channel type TFIs and p-chacnel type TFIs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

a-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said a-channel type TFIs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p -channel type TTIs to form p-type impurity 

regions (a). 

2. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 

comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFIs forming' said driving circuits, whereby 
n-type impurity regions (b) are formed, 

introducing a p-type impurity element to regions'of said 
semiconductor film which are to constitute n-charmel 
type TFIs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semiconductor film to from active layer s 

of said n-channel type TFIs and p-cfaannel type TFIs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gale insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an a-type impurity element to said active 

layers of said n-channel type TFIs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p -channel type TKls to form p-type impurity 

regions (a). 

3. A process of imbricating a semiconductor device which 
includes 3 pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 
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patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-chatinel type TFTs, 
introducing an n*type impurity element to said active 

layers of said n-channel type TFTs forming said driving 

circuits to form n-type impurity regions (b), 
introducing ap-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuit to form p-type impurity regions (b), 
subjecting said active layers to a second optical annealing, 
forming a gate insulating film od the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c) ( 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said d -channel type TFTs to form n-type 

impurity regions (a), and 
introducing ap-type impurity element to said active layer 

of said p-channel type TFT to form a p-typc impurity 

regions (a). 

4. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 30 

annealing, 

patterning semiconductor film to form act ive l ayers of 
n-channel type TFIs and p- channel type TFTs, 

introducing a p-type impurit y elem ent to said active layers 
of said n-channel type TFTs forming said driving is 
circuits, whereby p-type impurity regions (b) are 
formed, 

introducing an n-type impurity element to said active 
layers of said ^channel type TFTs forming said driving 
circuits, whereby n-type impurity regions (b) are 40 
formed, 

subjecting said active layers to a second optical annealing, 
forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 

layers of said n-cbannel type TFTs to form n-lype 

impurity regions (a), and 
introducing a p-lype impurity element to said active layers 

of said p-channel type TFIs to form p-type impurity S5 

regions (a). 

5. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline m 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which arc to constitute n-channel 
* type TFTs forming said driving circuits, whereby 

p-type impurity regions (b)-are formed, 
the fourth step of subjecting, to a first optical annealing, 

said semiconductor film-, . 



introducing an n-type impurity element to regions of said 
semiconductor film which arc to constitute n-channel 
type TFIs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
subjecting said semiconductor film to a second optical 
annealing, 

patterning said semi condu ctor film to form ac tive l ayers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n«type impurity regions- (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layer 
of said p-channel type TFTs to form p-lype impurity 
regions (a). 

6. A process of fabricating a serm'conduclor device which 
includes a pixel portion and driving circuits over a substrate, 

25 comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity region (b) are formed, 
subjecting said semiconductor film to a first optical 
annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute said 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 
subjecting said semiconductor firm to a second optical 
annealing, 

patterning said semiconductor film to form active layer s 
of said n-channel type TFTs and p-cnanccl type TFIs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 
layers of said n-channel type TFIs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layers 
of said p-channei type TFTs to form p-type irnpurity 
regions (a). 

7. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-chaoncl 
type T^fbrming said driving drcuits, whereby p-type 
impurity regions (b) are formed, 
introducing an n-riype impurity element to regions of said 
semiconductor film which arc to constitute n-channel 
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type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said semiconductor to a first optical annealing, 
patterning said semiconductor to form active layers of 

said n-channel type TFIs and p-channel type TFIs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity clement to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type im purity element to said active 

layers of said n-channel TFTs to form n-type impurity 

regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

8. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a same 
substrate, comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, 

introducing an n-Lype impurity element to regions of said 
semiconductor film which ate to constitute n-chaunel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 

introducing a p-type impurity element to those regions of 30 
said semiconductor film which arc to constitute 
n-chanuel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

subjecting said semiconductor film to a first optical 
annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-chanuei type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing, an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c),- 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form u-typc 

impurity regions (a), and , 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

9. A process of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing an amorphous 

structure over said substrate, 
introducing ati p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
introducing an n-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming, said driving circuits, whereby 

o-type impurity regions (b) are formed, 
forming a crystalline semiconductor film by crystallizing 

said semiconductor film. 
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subjecting said crystalline semiconductor film to a first 

optical annealing, 
patterning said crystalline semiconductor film to form 

active layers of n-channel type TFTs and p-channel 

type TFTs, 

forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c\ 
. etching said gate irsulating film by using said' gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 

layers of said n-channel type TFTs to form o-type 

impurity regions (a), and 
introducing a p-type impu rity el ement to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

10. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing an amorphous 
structure over said substrate, 

introducing an n-type impurity element to regions of said 
amorphous structure containing semiconductor film 
which are to constitute n-channel type TFIs forming 
said driving .circuits, whereby n-type impurity regions 
(b) are formed, 

introducing a p-type impurity clement to those regions of 
said semiconductor film which are to constitute 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 

forming a crystalline semiconductor film by crystallizing 
said semiconductor film, 

subjecting said crystalline semiconductor film to a first 
optical annealing, 

patterning said crystalline semiconductor film to form 
active layers of said n-channel type TFTs and p-channel 
type TFTs, 

forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wiringp as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings, 

introducing n-type impuri ty ele ment to said active layers 

of said n-channel type TFIs to form n-type impurity 

regions (a), and 
introducing a p-type impurity element to said active layers 

of said p^cbannel type TFIs to form p-type impurity 

regions (a). 

11. Aprocess of fabricating a semiconductor device which 
includes a pixel portion and driving circuits over a substrate, 
comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor fifth* which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type urrpurity regions (b) arc formed, 
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patterning said semiconductor film is to form active 

layers of said n-channel TFTs and p-cbannel TFTs, 
forming a gat© insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-chaonel 5 

type TFTs forming said driving circuits, whereby 

n~typc impurity regions (b) are formed, 
subjecting said active layers to a second annealing, 
forming gate wirings on said gate insulating film, 10 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, . 15 

introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 20 

regions (a). 

12. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 25 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film t o for m active layers ^ 

of n-channel TFTs and p-channel. TFTs, 
introducing a p-typc impurity element to said active layers 

of said n-channel type TFTs forming said driving 

circuits, whereby p-type impurity regions (b) are 

formed, 35 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, « 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-typo impurity element to said active 

layers by using said gate wirings as a mask to form ^ 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings, as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel-type TFTs to form n-type $Q 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

13. A process of iabricating a semiconductor device s5 
which includes a pixel portion and driving circuits over a 
substrate* comprising 

forming a* semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-typc impurity clement to regions of said ^ 

semiconductor film which are to constitute n-channel 

type TFTs . forming said driving circuits, whereby 

p-type impurity regions (b) are formed,, 
subjecting said semiconductor film to a first optical 

annealing, 65 
patterning said semicond uctor film to form active layer s 

of said n-channet type TFTs and p-channel type TFTs, 



forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of the n-channel 

type TFTb forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form o-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel TFTs to form p-type impurity regions 

(a). 

14. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
patterning said semi condu ctor film to for m ac tive layers 

of said n-channel TFTs and p-channel TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n -channel 

type TFTs forming said driving circuits, whereby 

n-typc impurity regions (b) are formed, 
subjecting said acrive layers to a first optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

15. A process of fabricating a sexmcpnductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing an amorphous 

structure over said substrate, 
iairoducing a p-typc impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
forming a crystalline semiconductor film by crystallizing 

said semiconductor film, 
subjecting said crystalline semiconductor film to a first 

optical annealing, 
patterning said crystalline semicond uctor ' film to form 

active lavcrs of said n-Channel type TFIs and p-channel 

typeTra, 
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forming a gate insulating film od said active layers, 
introducing an a- type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 5 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form i 0 

n-type impurity regions (c), 
etching said gate insulating film by using said gale 

wirings as a mask, 
introducing an n-lype impurity e leme nt to said active 

layers of said n -channel type TFTs to form n-type 15 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). , . m 

16. A process of fabricating a semiconductor device 
which includes a pixel portion arid driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, ^ 

subjecting said semiconductor film to a first optical 
annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute a-channel 
type TFTs forming said driving circuits, whereby 30 
p-type impurity regions (b) are formed^ 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute the 
n-charmel type TFTs forming said driving circuits, 
whereby n-type impurity regions (b) are formed, *5 

subjecting said semiconductor film to a second optical 
annealing, 

patterning said semicond uctor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
etching said gate insulating film by the using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 45 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), 
• introducing a p-type impurity element to said active layers 

of said p^hannel type TFTs to form p-type impurity 

regions (a), 50 
forming an insulation film covering said gate wirings, aad 
introducing an n-type impurity element by using said gate 

wirings as a mask to form n-type impurity regions (c). 

17. A process of fabricating a semiconductor device ^ 
which includes a pixel pdrtion and driving circuits over a 
substrate, comprising 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical ^ 

annealing, 

mtoducing a p-type impurity element to regions of said 
semiconductor film which are to constitute said 
a-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed; 55 

patterning said semiconductor film to form active layers- - 
of said n-channcl type TFTfe and p-channel type TFTs, 
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forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gale 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFIs to form n-iype 

impurity regions (a), 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a), 

forming an insulation film, covering said gate wirings, 
and 

introducing an n-type impurity element to said active 
layers through said insulation film by using said gate 
wirings as a mask to form n-type impurity regions (c). 

18. A process of fabricating a semiconductor device 
which includes a pixel portion and driving' circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTfc and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element, through said gate 
insulating gate insu lating film, to said active layers of 
said n-channel type TFIs forming said driving circuits 
to form n-typc impurity regions (b), 
introducing a p-type impurity element, through said gate 
insulating film, to said active layers of said n-channel 
type TFTs forming said driving circuit to form p-type 
impurity regions (b), 
subjecting said active layers to a second optical annealing, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-rype impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and introducing a p-type Mp urity 
element to said active layer of said p-channel type TFT 
to form a p-type impurity regions (a). 

19. A process of fabricating a semiconductor device . 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to a first optical 

annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing a p-type impurity element, througn said gate 
insulating film, to said active layers of said n-channel 
type TFIs forming said driving circuit to form p-lype 
impurity regions (b), 
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mtroducing an n-type impurity element, tough said gate 

insulating gate insulating film, to said active layers of 

said n-cbannel type TFTs forming said driving circuits 

to form n-type impurity regions (6), 
subjecting said active layers to a second optical annealing 

through said gate insulating film, 
foiming gate wirings on said gate insulating film, 
introducing an n-type impurity elemer.t to said active 

layers by using said gale wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channcl type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layer 

of said p -channel type TFT to form a p-type impurity 

regions (a), 

20. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, 

wherein said n-type impurity regions (a) contains said 

n-type impurity element at a concentration of lxlO 20 to 

lxlO 21 atoms/cm*, 
wherein said n-type impurity regions (b) contains said 

n-type impurity element at a concentration of 2x10* to 

5xl0 19 atoms/cm3, and 
wherein said n-type impurity regions (c) contains said 

n-typc impurity element at a concentration of lxlO ad to 

5xl0 18 atoms/cm 3 . 

21. The process of fabricating a semiconductor deice 
according to anyone of claims 1 to 19, 

wherein said p-type impurity regions (a) contains said 

p-type impurity element is contained at a concentration 

of 3xl0 10 to SxlO 21 atoms/cm3, and 
wherein said p-type impurity regions (b) contains said 

p-type impurity element at a concentration of Ixl 0 to 

lxlO 18 atoms/cm 3 . 

22. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, 

wherein said n-type impurity element is introduced in 
such a manner that the resistance values of said n-type 
impurity regions (a), (b) and (c) are made greater in the 
order of said n-type impurity regions (a)<said n-type 
impurity regions (b)<said n-type impurity regions (c), 
and 

. wherein said p-type impurity element is introduced in 
such a manner mat the resistance values of said p-lype 
impurity regions (a), (b) are made greater in the order 
of said p-type impurity regions (a)<said p-type impu- 
rity regions (b). 

23. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, wherein the 
concentration of said n-type impurity element contained in 
said n-type impurity regions (c) is V£ to Vio times as high as 
that of said n-type impurity element contained in said n-type 
impurity regions (b), 

24. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, wherein a concen- 
tration of said n-type irnpurity element contained in said 
n-typc impurity regions (c) is 5 to 10 times as high as that 
of said p-type impurity element contained in said p-type 
impurity regions (b). 

25. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, wherein an energy 
density of said first optical annealing is 250 to 500 ml/cm , 
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and the energy density of said second optical annealing is 
100 to 300 raJ/cm 2 . 

26. The process of fabricating a semiconductor device 
according to any one of claims 1 to S or claims 11 to 14, or 

5 claims IS to 19, wherein said first optical annealing is 
performed for improving the crystallinity of said semicon- 
ductor film or for promoting the crystallization of said 
semiconductor film. 

27. The process of fabricating a semiconductor device 
io according to any one of claims 9, 10 and 15, wherein said 

first optical annealing is a step for crystallizing said semi- 
conductor film containing the amorphous structure. 

28. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, wherein said second 

15 optical annealing is performed for activating said n-type or 
p-type impurity element introduced to said semiconductor 
film. 

29. The process of fabricating a semiconductor device 
according to any one of claims 1 to 19, wherein, in said 

20 driving circuits, a portion or all of each of s^ d n-ty pe 
impurity regions (b) formed in said n-channel type TFTs is 
formed so as to overlap said gate wiring of said n-channel 
type TFTs, and, 
wherein in said pixel portion, said n-type impurity regions 
25 (c) formed in said pixel TFTs are for med s o as not to 
overlap said gate wiring of said pixel TFTs. 

30. The process of fabricating a semiconductor device 
according to claim 29, wherein said n-type impurity element 
is introduced to said n-type impurity regions (b) at a con- 

30 centration higher than that of said n-typc impurity regions 

31. The process of fabricating a semiconductor device 
according to claims to any one of claims 1 to 19, wherein 
said semiconductor device is an electro-optical device 

35 selected form the group consisting of an active matrix liquid 
crystal display device and an active matrix electrolumines- 
cence display. 

32. The process of fabricating a semiconductor device 
according to claim 31, wherein said display device in 

40 installed into an electronic apparatus selected form the group 
consisting of a portable.telephone, a video camera, a mobile 
computer, a goggle type display, a rear projector, a front 
projector, a personal computer, an electronic play apparatus, 
an image reproducing apparatus, and a digital camera. 
45 33. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 
forming a semiconductor film containing a crystalline 
structure oyer said substrate, 
50 subjecting said semiconductor film to an optical 
annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
55 p-type impurity regions (b) are formed, 

introducing a n-type impurity element to regions of said 
(semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
60 n-type impurity regions (b) are formed, 

patterning said semiconductor film to form active layer s 
of said n-channel type TP Is and p-channel type TFIfe, 

forming a gate insulating film on said active layers, 

forming gate wirings on said gate insulating film, 
65 introducing an n-typte impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
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etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n -channel type TFTs to form n-type 

impurity regions (a), and 5 
iatroducing a p-lype impurity element to said active layers 

of said p-cbaonel type TFTs to form p-type impurity 

regions (a). 

34, A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 35 

annealing, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n -channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) are formed, 20 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

patterning said semiconductor film to from active layers 
of said n-channel type TFTs and p-channel type TFTs, 

forming a gate insulating film on said active layers, 

forming gate wirings on said gate insulating film, 

introducing an n-type impurity element to said active 30 
layers by using said gate wirings as a mask to form 
n-typc impurity regions (c), 

etching said gate insulating film by using said gate 
wirings as a mask, 

introducing an a -type impurity element to said active J 
layers of said n-channel type TFIs to form n-type 
impurity regions (a), and 

introducing a p-type impur ity el ement to said active layers 
of said p-channel type TFTs to form p-type impurity ^ 
regions (a). , 

35. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 4S 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTs and p-channel type TFTs, so 
introducing an n-type impurity element to said active 

layers of said u-charmel type TFTs forming said driving 

circuits to form n-type impurity regions (b), 
introducing a p-type impurity element to said active layers 

of said n-channel type TFTs forming said driving 55 

circuit to form p-type impurity regions (b), 
forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 60 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an h-typtf impurity e leme nt to said active 65 

layers of said n-channel type TFTs to form n-type 

impurity regions (a), and 
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introducing a p-type impurity element to said active layer 
of said p-channel type TFT to form a p-type impurity 
regions (a). 

36. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 
annealing, 

patterning semiconductor film to form act ive la yers of 

n-channel type TFIs and p-channel type TFTs, 
introducing a p-type impurity clement to said active layers 
of said n-channel type TFTs fonaing said driving 
circuits, whereby p-type impurity regions (b) are 
formed, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs forming said driving 
circuits, whereby n-type impurity regions (b) are 
formed, 

forming a gate insulating film on the active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
iatroducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), and 
introducing a p-type impu rity el ement to said active layers 
of said p-channel type TFTs to form p-type impurity 
regions (a), 

37, A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
iatroducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n-charmel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
the fourth step of subjecting, to an optical annealing, said 

semiconductor film, 
introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 
patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFTk and p-channel type TFIs, 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 
introducing an n-typc impurity element to said active 
layers by using said gat© wirings as a mask to form 
n-type impurity regions (cX 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 
layers of said n-channel type TFIs to form n-type 
impurity regions (a), and 
introducing a p-type impurity element to said active layer 
of said p- channel type TFTfe to- form p4ype impurity 
regions (a). 
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38. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 
structure over said substrate, 5 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute n-channel 
type TFIfc forming said driving circuits, whereby 
n-type impurity region (b) are formed, 

subjecting said semiconductor film to an optical 
annealing, 

introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute said 

n-channel type TFTs forming said driving circuits, J5 

whereby p-type impurity regions (b) are formed, 
patterning said semiconductor film to form active layers 

of said n-channel type TFTs and p-channel type TFTs„ 
forming a gate insulating film on said active layers, 
forming gate wirings on said gate insulating film, 20 
introducing an n-type impurity clement to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 25 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFTs to form n-type 

impurity regions (a>, and 
mtrodu cing a p-type impurity element to said active layers 50 

of said p-channel type TFIs to form p-type impurity 

regions (a). 

39. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, # 40 

introducing a p-type impurity element to regions of said 

Semiconductor film which axe to constitute n-channel 

type TFTs forming said driving circuits, whereby 

p-type impurity regions (b) are formed, 
patterning said semiconductor film in to form active 45 

layers of said n-channel TF Is and p-channel TFU, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFIs forming said driving circuits, whereby 50 

n-type impurity regions (b) are formed, 
. forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form si 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFIs to form n-type 60 

impurity regions (a), and 
introducing a p-typc impu rity el ement to said active layers 

of said p-channel type TFIs to form p-type impurity 

regions (a). 

40. A process of fabricating a semiconductor device 65 
. which includes a pixel portion and diving circuits over a 

substrate, comprising; 



forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to for m active layers 
of n-channel TFTs and p-channel TFTb, 

introducing a p-type impurity element to said active layers 
of said o -channel type TFTs forming said driving 
circuits, whereby p-type impurity regions (b) are 
formed, 

forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of said n-channel 

type TFIs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n -channel-type TFIh to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFIs to form p-type impurity 

regions (a). 

41. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over -a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 

type TFIs fonning said driving circuits, whereby 

p-type impurity regions (b) are formed, 
subjecting said semiconductor film to an optical 

annealing, 

patterning said semiconductor film to form active layers 

of said n-channel type TFIs and p-channel type TFIs, 
forming a gate iosukting film on said active layers, 
introducing an n-type impurity element through said gate 

insulating film to said active layers of the n-channel 

type TFIs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming gate wirings on said gate insulating film, 
introducing an' n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating firm by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFIs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel TFIs to form p-type impurity regions 

(a). 

42. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing an amorphous 

structure over said substrate, 
introducing a p-type impurity element to regions of said 

semiconductor film which are to constitute n-channel 
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type TFTs fanning said driving circuits, whereby 
p-typc impurity regions (b) are formed, 

forming a crystalline semiconductor film by crystallizing 
said semiconductor film, 

subjecting said crystalline semiconductor film to an opti- 
cal annealing, 

patterning said crystalline semiconductor film to form 
active layers of said n-cbannel type TFls and p-channel 
type TFTs, 

forming a gate insulating film on said active layers, 
introducing an n-type unpurity element through said gale 

insulating film to said active layers of said n-channel 

type TFTs forming said driving circuits, whereby 

n-type impurity regions (b) are formed, 
forming gate wirings on said- gate insulating film, 
introducing an n-type impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impu rity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 

layers of said a-channel type TFTs to form n-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layers 

of said p-channel type TFTs to form p-type impurity 

regions (a). 

43. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 30 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 

introducing a p-type impurity element to regions of said 
semiconductor film which are to constitute n -channel 
type TFTs forming said driving circuits, whereby 
p-type impurity regions (b) are formed, 

introducing an n-type impurity element to regions of said 
semiconductor film which are to constitute the 
n-channel type TFls forming said driving circuits, 
whereby n-type impurity regions (b) are formed, 

patterning said semiconductor film to form active layers 45 
of said n-channel type TFTs and p-channel type TFR, 

forming a gate insulating film on said active layers, 

forming gate wirings on said gate insulating film, 

etching said gate insulating film by the using said gate 
wiring? as a mask, 

introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), 

introducing a p-type impurity element to said active layers 
of said p-channel type TFR to form p-type impurity 
regions (a), 

forming an insulation film covering said gate wirings, and 
introducing an n-type impurity element by using said gate 
wirings as a mask to form n-type impurity regions (c). 

44. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a- crystalline 

structure over said substrate, 
subjecting said semiconductor film to an optical 

annealing, 



introducing a p-type impurity element to regions of said 
semiconductor film which arc to constitute said 
n-channel type TFTs forming said driving circuits, 
whereby p-type impurity regions (b) are formed, 
patterning said semiconductor film to form active layers 
of said n-channel type TFTs and p-channel type TFls, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element through said gate 
insulating film to said active layers of said n-channel 
type TFTs forming said driving circuits, whereby 
n-type impurity regions (b) arc formed, 
forming gate wirings on said gate insulating film, . 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity element to said active 
layers of said n-channel type TFTs to form n-type 
impurity regions (a), 
introducing a p-type impurity element to said active layers 
of said p-channel type TFls to form p-type impurity 
regions (a), 

forming 1 an insulation film, covering said gate wirings, 
and 

introducing an n-type impurity element to said active 
layers through said insulation film by using said gate 
wirings as a mask to form n-type impurity regions (c). 

45. A process of fabricating a semiconductor device 
which includes a pixel portion and driving circuits over a 
substrate, comprising; 

forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to an optical 
annealing, 

patterning said semiconductor film to form ac tive l ayers 

of n-channel type TFR and p-channel type TFTs, 
forming a gate insulating film on said active layers, 
introducing an n-type impurity element, through said gate 
insulating, to said active layers of said n-channel type 
TFTs forming said driving circuits to form n-type 
impurity regions (b), 
introducing a p-type impurity element, through said gale 
insulating film, to said active layers of said n-channel 
type TFTs forming said driving circuit to form p-type 
impurity regions (b), 
forming gate wirings on said gate insulating film, 
introducing an n-type impurity clement to said active 
layers by using said gate wirings as a mask to form 
n-type impurity regions (c), 
etching said gate insulating film by using said gate 

wirings as a mask, 
introducing an n-type impurity e leme nt to said active 
layers of said n-channel type TFls to form n-typc 
impurity regions (a), and 
introducing a p-type impurity element to said active layer 
of said p-channel type TFT to form a p-type impurity 
regions (a). m 

46. A process of fabricating a semiconductor device 
fi0 which includes a pixel portion and drivmg circuits over a 

substrate, comprising; 
forming a semiconductor film containing a crystalline 

structure over the substrate, 
subjecting said semiconductor film to an optical 
annealing, • 

patterning said semiconductor film to form ac tive ( l ayers 
of n -channel type. TFTs and p-channel type TFTs, 



35 



40 



50 



55 



65 



US 6,306, 

69 

forming a gate insulating film on said active layers, 
introducing a p-type impurity element, through said gate 

insulating film, to said active layers of said n-channcl 

type TFTs forming said driving circuit to form p-typc 

impurity regions (b), 5 
introducing an n-type impurity element, through said gale 

insulating, to said active layers of said n-channel type 

TFTs forming said driving circuits to form n-type 

impurity regions (b), 
forming gate wirings on said gate insulating film, 
introducing an u-typc impurity element to said active 

layers by using said gate wirings as a mask to form 

n-type impurity regions (c), 
etching said gate insulating film by using said gate 15 

wirings as a mask, 
introducing an n-type impurity element to said active 

layers of said n-channel type TFIs to form o-type 

impurity regions (a), and 
introducing a p-type impurity element to said active layer 20 

of said p -channel type TFT to form a p-type impurity 

regions (a). 

47. The process of fabricating a semiconductor device 
according to any one of claims 33 to 46, ^ 

wherein said n-type impurity regions (a) contains said 
n-type impurity element at a concentration of 1 xl0*° to 
IxlO 71 atoms/cm 3 , 

wherein said n-type impurity regions (b) contains said 
n-type impurity element at a concentration of 2xl0 ltf to 30 
5xl0 ip atorns/cm3, and 

wherein said n-type impurity regions (c) contains said 
n-type impurity element at a concentration of 1x1 0 16 to 
5xl0 18 atoms/cm 3 . 

4&. The process of fabricating a semiconductor deice 35 
according to anyone of claims 33 to 46, 

wherein said p-type impurity regions (a) contains said 
p-type impurity element is contained at a concentration 
of SxiO 2 * to 3xl0 21 atoms/cm3, and ^ 

wherein said p-type impurity regions (b) contains said 
p-type impurity element at a concentration of 1 xlO- to 
lxlO aa atoms/cm 3 . , 

49. The process of fabricating a semiconductor device 
according 10 any one of claims 33 to 46, ^ 

wherein said n-type impurity element is introduced in 
such a manner that the resistance values of said n-type 
impurity regions (a), (b) and (c) are made greater in the 
order of said n-type impurity regions (a)<said n-type 
impurity regions (b)<said n-type impurity regions (c), 
and 
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wherein said p-type impurity element is introduced in 
such a manner mat the resistance values of said p-type 
impurity regions (a), (b) are made greater in the order 
of said p-type impurity regions (a)<said p-type impu- 
rity regions (b). 

50. The process of fabricating a semiconductor device 
according to any one of claims 33 to 46, wherein the 
concentration of said n-type impurity element contained in 
said n-type impurity regions (c) is W to Vio tiroes as high as 
that of said n-type impurity element contained in said n-type 
impurity regions (b). 

51. The process of fabricating a semiconductor device 
according to any one of claims 33 to 46 f wherein a concen- 
tration of said n-type impurity element contained in said 
n-typc impurity regions (c) is 5 to 10 times as high as that 
of said p-type impurity element contained in said p-type 
impurity regions (b). 

52. The process of fabricating a semiconductor device 
according to any one of claims 33 to 46, wherein an energy 
density of said optical annealing is 250 to 500 mJ/cm 2 . 

53. The process of fabricating a semiconductor device 
according to any one of claims 33 to 46, wherein, in said 
driving circuits, a portion or all of each of said n-type 
impurity regions (b) formed in said n-channel type TFTs is 
formed so as to overlap said gate wiring of said n-channel 
type TFTs, and, 

wherein in said pixel portion, said n-type impurity regions 
(c) formed in said pixel TFTs are formed so as not to 
overlap said gate wiring of said pixel TTTs. 

54. The process of fabricating a semiconductor device 
according to claim 53, wherein said n-type impurity element 
is introduced to said n-typc impurity regions (b) at a con- 
centration higher than that of said n-type impurity regions 
(c). 

55. The process of fabricating a semiconductor device 
according to claims to any one of claims 33 to 46, wherein 
said semiconductor device is an electro-optical device 
selected form tho group consisting of an active matrix liquid 
crystal display device and an active matrix electrolumines- 
cence display. 

56. The process of fabricating a semiconductor device 
according to claim 55, wherein said display device in 
instaUed into an electronic apparatus selected form the group 
consisting of a portable telephone, a video camera, a mobile 
computer, a goggle type display, a rear projector, a front 
projector, a personal computet, an electronic play apparatus, 
an image reproducing apparatus, and a digital camera. 

***** 



